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T.AVERED CATALYST COMPOSITE 
*AriCftROPNP OF THE INVENTION 



yield Of The invention 

The present invention relates to a layered catalyst 
composition useful for the treatment of gases J» : reduce 
contaminants contained therein. More s^ 1 ™'** 
present invention is concerned with improved catalysts of 
the type generally referred to as "three-way conversion or 
.TOC- catalysts. These TWC catalysts are polyfunction 
t™t they have the capability of substantially 
simultaneously catalyzing the oxidation of hydrocarbons and 
carbon monoxide and the reduction of nitrogen oxides. 

pn-tr- — ? " f rhc Tnventigq 
Three-way conversion catalysts have utility in a 
number of fields including the treatment of exhaust from 
internal combustion engines, such as automobile and other 
gasoline- fueled engines. Emissions standards for unburned 
hydrocarbons. carbon monoxide and nitrogen oxides 
contaminants have been set by various governments and must 
he met. for example, by new autor^biles. In ordex :to meet 
such standards, catalytic converters containing a TWC cata- 
lyst are located in the exhaust gas line of internal com- 
bustion engines. The catalysts promote the oxidation by 
o^en in the exhaust gas of the unburned hydrocarbons and 
carbon monoxide and the reduction of nitrogen oxides to n.- 

tr09 ^nown TWC catalysts which exhibit good activity and 
long life comprise one or more platinum group metals (e.g., 
platinum or palladium, rhodium, ruthenium and iridium) 
located upon a high surface area, refractory oxide support 
e g . a high surface area alumina coating. The support is 
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carried on a suitable carrier ^ 

monolithic carrier comprislna ° SUbStrate such a 
honeycomb structure ™ ~ ^a 1 

—res or short , -^^^^ ~f " 
refractory material. Stents of a suitable 

US Patent No. 3 qq-s tzn-> . 
promoting selective oxidat "^closes catalysts for 

alumina components „ hich ^ ^ J*" 11 
relatively inert carrier such aa T „ su PP°"ed on a 

earth metals are disclosed "Jo" il 1^™ ' ^ ~* 

^ -^^r^i^r' alS ° r — - 
exhibit a BET surface area 11 T alUmna "' typically 

per gram (-m'/g-) n« m ° £ 60 SqUare ■»<=«• 

activate, alu^ ^ ^ 

—foTetr ^r na ; t TOy 

to utilise reirattoVlt r 8 alUmina " 
alumina as a sup^rt forTt 1 ^ 
components in a Xen ~°f 
=irconia. alpha alumina and other mateT! ' ^ 
such use. Although manv of fh "aterrals are known for 

disadvantage of navLT 1 trials suffer from the 

area than LlLT^JJ^Tl ^ " 
offset by a greater durat'itvTf th ^ " be 

in a moving vehicle "suiting catalyst, 

reach 1000->C sfd k 338 temperatures can 

activated al^r To^T^ temperatures cause the 
thermal degraded ZTLZT* " ^ 

accompanying volume shrinkage especItH tranSiti ° n « ith 
of steam, whereby the catalvM eSPe ° lally in the presence 
the shrunken su pport .SZ £ n a Ts S T"" ^ ln 
surface area and a corrTsnn^ 6X1,086(3 oa talyst 

activity, xt is a InT^nt^n * °"™ C 

alumina supports against^ ttr^al ds "d ^ StaDUiZe 
use of materials such as ^T^SSL^ 
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metal oxides such as baria, calcia or strontia or rare 
earth metal oxides, such as ceria, lanthana and mixtures of 
two or more rare earth metal oxides. For example, see CD. 
Keith et al U.S. Patent 4,171,288. 

Bulk cerium oxide (ceria) is known to provide an 
excellent refractory oxide support for platinum group 
metals other than rhodium, and enables the attainment of 
highly dispersed, small crystallites of platinum on the 
ceria particles, and that the bulk ceria may be stabilized 
by impregnation with a solution of an aluminum compound, 
followed by calcination. U.S. Patent 4,714,694 of C.Z. Wan 
et al, discloses aluminum- stabilized bulk ceria, optionally 
combined with an activated alumina, to serve as a 
refractory oxide support for platinum group metal 
components impregnated thereon. The use of bulk ceria as a 
catalyst support for platinum group metal catalysts other 
than rhodium, is also disclosed in U.S. Patent 4,727,052 of 
C.Z. Wan et al and in U.S. Patent 4,708,946 of Ohata et al. 

US Patent No. 4,714,694 discloses alumina stabilized 
ceria catalyst compositions . There is disclosed a method of 
making a material which includes impregnating bulk ceria or 
a bulk ceria precursor with an aluminum compound and 
calcining the impregnated ceria to provide an aluminum 
stabilized ceria. The composition further comprises one or 
more platinum group catalytic components dispersed thereon. 

US Patent No. 4,808,564 discloses a catalyst for the 
purification of exhaust gases having improved durability 
which comprises a support substrate, a catalyst carrier 
layer formed on the support substrate and catalyst 
ingredients carried on the catalyst carrier layer. The 
catalyst carrier layer comprises oxides of lanthanum and 
cerium in which the molar fraction of lanthanum atoms to 
total rare earth atoms is 0.05 to 0.20 and the ratio of the 
number of the total rare earth atoms to the number of 
aluminum atoms is 0.05 to 0.25. 
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US Patent No. 4,367,162 discloses a three-way catalyst 
system which comprises a carrier having a substructure of 
refractory material in the form of a honeycomb structure 
and a porous layer of a powder formed on the surface 
thereof selected from the group consisting of a powder of 
zirconium oxide and a mixed powder of zirconium oxide 
powder with at least powder selected from the group 
consisting of alumina, alumina-magnesia spinel and cerium 
oxide; and a catalyst ingredient supported thereon 
consisting of cerium oxide and a metal selected from the 
group consisting of platinum, palladium and mixtures 
thereof . 

US Patent No. 4,438,219 discloses an alumina catalyst 
for use on a substrate. The catalyst is stable at high 
temperatures. The stabilizing material is disclosed to be 
one of several compounds including those derived from 
barium, silicon, rare earth metals, alkali and alkaline 
earth metals, boron, thorium, hafnium and zirconium. Of the 
stabilizing materials barium oxide, silicon dioxide and 
rare earth oxides which include lanthanum, cerium, 
praseodymium, neodymium, and others are indicated to be 
preferred. It is disclosed that contacting them with a 
calcined alumina film permits the calcined alumina film to 
retain a high surface area at higher temperatures. 

US Patent Nos. 4,476,246, 4,591,578 and 4,591,580 
disclose three-way catalyst compositions comprising 
alumina, ceria, an alkali metal oxide promoter and noble 
metals. U.S. Patents 3,993,572 and 4,157,316 represent 
attempts to improve the catalyst efficiency of Pt/Rh based. 
TWC systems by incorporating a variety of metal oxides, 
e.g., rare earth metal oxides such as ceria and base metal 
oxides such as nickel oxides. US Patent No. 4,591,518 
discloses a catalyst comprising an alumina support with 
components deposited thereon consisting essentially of a 
lanthana component, ceria, an alkali metal oxide and a 
platinum group metal. US Patent No. 4,591,580 discloses an 
alumina supported platinum group metal catalyst. The 
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support is sequentially modified to include support 
stabilization by lanthana or lanthana rich rare earth 
oxides, double promotion by ceria and alkali metal oxides 
and optionally nickel oxide. 

Palladium containing catalyst compositions e.g. U.S. 
Pat. No. 4,624,940 have been found useful for high 
temperature applications. The combination of lanthanum and 
barium is found to provide a superior hydrothermal 
stabilization of alumina which supports the catalytic 
component, palladium. Thus, the palladium metal expulsion 
from the alumina due to phase transformation to encounter 
drastic sintering upon high temperature exposure is 
avoided. The use of particulate bulk metal oxide enhances 
catalytic activities. The bulk metal oxide consists of 
primarily ceria containing and/or ceria- zirconia containing 
particles. These particulate bulk metal oxides do not 
readily react with the stabilized alumina particles, thus, 
provide the catalytically promoting effect. 

US Patent No. 4,780,447 discloses a catalyst which is 
capable of controlling HC, CO and N0 X as well as HjS in 
emissions from the tailpipe of catalytic converter equipped 
automobiles* The use of the oxides of nickel and/or iron is 
known as a H 2 S gettering of compound. 

In an article entitled "Three Way Catalyst Response To 
Transients" in Ind. Eng. Chem. Prod. Res. Dev. . 1980, 19, 
288-293 the authors, Schlatter et al report that the 
operating environment of three-way catalysts is 
characterized by oscillations of the feed stream 
composition which occur with a frequency in the order of 1 
Hz. It has been suggested that the incorporation of an 
"oxygen storage" component in the catalyst moderates the 
effects of the rapid changes between rich and lean exhaust 
stoichiometries . The authors also suggest that the presence 
of cerium on the rhodium- impregnated spheres in a "fresh" 
three-way catalyst enhances the performance of the catalyst 
under transient or oscillating feed stream conditions by 
increasing either the amount or the stability of the 
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oxidized rhodium species. In a later article, published in 
the same journal, entitled "Ceria- Promoted Three-Way 
Catalysts for Auto Emission Control" Ind. Eng. Chem. Prod. 
Res. Dev. , 1982, 21, 274-288, the author, Kim reports that 
ceria is the best non- noble metal oxide promoter for a 
typical Pt -palladium- Rh TWC supported on alumina catalyst 
largely because it enhances the water-gas shift reaction 
(CO+H 2 0 = C0 2 +H 2 ) and possibly due, in part, to the addi- 
tional oxygen storage it provides to the TWC. 

U.S. Patent 4,539,311 discloses a catalyst for treat- 
ing motor vehicle exhaust fumes which catalyst is said to 
have an improved tolerance for lead. A high surface area 
alumina is impregnated first with a barium moiety, such as 
an aqueous solution of a barium compound which decomposes 
to produce barium oxide on firing at over 400 °C, and, after 
such firing, is subsequently impregnated with a dispersion 
of a platinum group metal moiety such as by soaking the 
alumina in an aqueous solution of a metal compound which on 
firing at over 400 °C decomposes to leave behind either the 
platinum group metal or a compound which converts to the 
metal when the catalyst is placed in use. The catalyst is 
made by coating a honeycomb support with alumina incorpora- 
ting ceria. The dried and calcined alumina coating is then 
soaked in an aqueous solution of barium nitrate, dried and 
fired and then soaked in an aqueous solution of 
chloroplatinic acid, dried and fired. The firing steps are 
carried out at 550 °C. 

U.S. Patent 4,294,726 discloses a TWC catalyst compo- 
sition containing platinum and rhodium obtained by impreg- 
nating a gamma alumina carrier material with an aqueous so- 
lution of cerium, zirconium and iron salts or mixing the 
alumina with oxides of, respectively, cerium, zirconium and 
iron, and then calcining the material at 500 to 700 °C in 
air after which the material is impregnated with an aqueous 
solution of a salt of platinum and a salt of rhodium dried 
and subsequently treated in a hydrogen- containing gas at a 
temperature of 250-650»C. The alumina may be thermally 
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stabilized with calcium, strontium, magnesium or barium 
compounds. The ceria- zirconia- iron oxide treatment is 
followed by impregnating the treated carrier material with 
aqueous salts of platinum and rhodium and then calcining 
the impregnated material . 

U.S Pat. No. 4,965,243 discloses a method to improve 
thermal stability of a TWC catalyst containing precious 
metals by incorporating a barium compound and a zirconium 
compound together with ceria and alumina. This is stated to 
form a catalytic moiety to enhance stability of the alumina 
washcoat upon exposure to high temperature. 

J01210032 and AU- 615721 disclose a catalytic 
composition comprising palladium, rhodium, active alumina, 
a cerium compound, a strontium compound and a zirconium 
compound. These patents suggests the utility of alkaline 
earth metals in combination with ceria, zirconia to form a 
thermally stable alumina supported palladium containing 
washcoat . 

U.S. Pat. Nos. 4,624,940 and 5,057,483 refer to 
ceria- zirconia containing particles. It is found that ceria 
can be dispersed homogeneously throughout the zirconia 
matrix up to 30 weight percent of the total weight of the 
ceria- zirconia composite to form a solid solution. A 
co -formed (e.g. co- precipitated) ceria oxide -zirconia 
particulate composite can enhance the ceria utility in 
particles containing ceria- zirconia mixture. The ceria 
provides the zirconia stabilization and also acts as an 
oxygen storage component. The '483 patent discloses that 
neodymium and/or yttrium can be added to the ceria- zirconia 
composite to modify the resultant oxide properties as 
desired. 

U.S. Patent 4,504,598 discloses a process for produc- 
ing a high temperature resistant TWC catalyst. The process 
includes forming an aqueous slurry of particles of gamma or 
activated alumina and impregnating the alumina with soluble 
salts of selected metals including cerium, zirconium, at 
least one of iron and nickel and at least one of platinum, 
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palladium and rhodium and, optionally, at least one of 
neodymium, lanthanum, and praseodymium. The impregnated 
alumina is calcined at 600°C and then dispersed in water to 
prepare a slurry which is coated on a honeycomb carrier and 
dried to obtain a finished catalyst. 

US Patent Nos. 3,787,560, 3,676,370, 3,552,913, 
3,545,917, 3,524,721 and 3,899,444 all disclose the use of 
neodymium oxide for use in reducing nitric oxide in exhaust 
gases of internal combustion engines. US Patent No. 
3,899,444 in particular discloses that rare earth metals of 
the lanthanide series are useful with alumina to form an 
activated stabilized catalyst support when calcined at 
elevated temperatures . Such rare earth metals are disclosed 
to include lanthanum, ceria, cerium, praseodymium, 
neodymium and others. 

TWC catalyst systems comprising a carrier and two or 
more layers of refractory oxide are disclosed. 

For example, Japanese Patent Publication No. 
145381/1975 discloses a catalyst -supported structure for 
purifying exhaust gases comprising a thermally insulating 
ceramic carrier and at least two layers of catalyst 
containing alumina or zirconia, the catalysts in the 
catalyst containing alumina or zirconia layers being 
different from each other. 

Japanese Patent Publication No. 105240/1982 discloses 
a catalyst for purifying exhaust gases containing at least 
two kinds of platinum- group metals. The catalyst comprising 
at least two carrier layers of a refractory metal oxide 
each containing a different platinum- group metal. There is 
a layer of a refractory metal oxide free from the platinum- 
group metal between the carrier layers and/or on the 
outside of these carrier layers. 

Japanese Patent Publication No. 5253 0/1984 discloses 
a catalyst having a first porous carrier layer composed of 
an inorganic substrate and a heat-resistant noble metal - 
type catalyst deposited on the surface of the substrate and 
a second heat-resistant non-porous granular carrier layer 
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having deposited thereon a noble metal -type catalyst, said 
second carrier layer being formed on the surface of the 
first carrier layer and having resistance to the catalyst 
poison. 

Japanese Patent Publication No. 127649/1984 discloses 
a catalyst for purifying exhaust gases, comprising an 
inorganic carrier substrate such as cordierite, an alumina 
layer formed on the surface of the substrate and having de- 
posited thereon at least one rare earth metal such as 
lanthanum and cerium and at least one of platinum and 
palladium, and a second layer formed on the aforesaid- first 
alumina-based layer and having deposited thereon a base 
metal such as iron or nickel, at least one -rare earth metal 
such as lanthanum, and rhodium. 

Japanese Patent Publication No. 19036/1985 discloses 
a catalyst for purifying exhaust gases having an enhanced 
ability to remove carbon monoxide at low temperatures, said 
catalyst comprising a substrate composed, for example, of 
cordierite and two layers of active alumina laminated to 
the surface of the substrate, the lower alumina layer 
containing platinum or vanadium deposited thereon, and the 
upper alumina layer containing rhodium and platinum, or 
rhodium and palladium, deposited thereon. 

Japanese Patent Publication No. 31828/1985 discloses 
a catalyst for purifying exhaust gases, comprising a 
honeycomb carrier and a noble metal having a catalytic 
action for purifying exhaust gases, the carrier being 
covered with an inside and an outside alumina layer, the 
inside layer having more noble metal adsorbed thereon than 
the outside layer; and a process for production of this 
catalyst. 

Japanese Patent Publication No. 232253/1985 discloses 
a monolithic catalyst for purifying exhaust gases being in 
the shape of a pillar and comprising a number of cells 
disposed from an exhaust gas inlet side toward an exhaust 
gas outlet side. An alumina layer is formed on the inner 
wall surface of each of the cells, and catalyst ingredients 
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are deposited on the alumina layer. The alumina layer 
consists of a first alumina layer on the inside and a 
second alumina layer on the surface side, the first alumina 
layer having palladium and neodymium deposited thereon, and 
the second alumina layer having platinum and rhodium 
deposited thereon. 

Japanese Kokai 71538/87 discloses a catalyst layer 
supported on a catalyst carrier and containing one catalyst 
component selected from the group consisting of platinum, 
palladium and rhodium. An alumina coat layer is provided on 
the catalyst layer. The coat layer contains one oxide 
selected from the group consisting of cerium oxide, nickel 
oxide, molybdenum oxide, iron oxide and at least one oxide 
of lanthanum and neodymium (1-10% by wt.) . 

US Patent Nos. 3,956,188 and 4,021,185 disclose a 
catalyst composition having (a) a catalytically active, 
calcined composite of alumina, a rare earth metal oxide and 
a metal oxide selected from the group consisting of an 
oxide of chromium, tungsten, a group TVB metal and mixtures 
thereof and (b) a catalytically effective amount of a 
platinum group metal added thereto after calcination of 
said composite. The rare earth metals include cerium, 
lanthanum and neodymium. 

US Patent No. 4,806,519, discloses a two layer 
catalyst structure having alumina, ceria and platinum on 
the inner layer and aluminum, zirconium and rhodium on the 
outer layer. 

JP-88-240947 discloses a catalyst composite which 
includes an alumina layer containing ceria, ceria-doped 
alumina and at least one component selected from the group 
of platinum, palladium and rhodium. There is a second layer 
containing lanthanum- doped alumina, praseodymium- stabilized 
zirconium, and lanthanum oxide and at least one component 
selected from the group of palladium and rhodium. The two 
layers are placed on a catalyst carrier separately to form 
a catalyst for exhaust gas purification. 
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Japanese Patent J*- 63 -2 05 141 -A discloses a layered 
automotive catalyst in which the bottom layer comprises 
platinum or platinum and rhodium dispersed on an alumina 
support containing rare earth oxides, and a top coat which 
comprises palladium and rhodium dispersed on a support 
comprising alumina, zirconia and rare earth oxides. 

Japanese Patent J-63-077544-A discloses a layered 
automotive catalyst having a first layer comprising 
palladium dispersed on a support comprising alumina, 
lanthana and other rare earth oxides and a second coat 
comprising rhodium dispersed on a support comprising 
alumina, zirconia, lanthana and rare earth oxides. 

Japanese Patent J- 63 - 007895 -A discloses an exhaust gas 
catalyst comprising two catalytic components, one 
comprising platinum dispersed on a refractory inorganic 
oxide support and a second comprising palladium and rhodium 
dispersed on a refractory inorganic oxide support. 

US Patent No. 4,587,231 discloses a method of 
producing a monolithic three-way catalyst for the 
purification of exhaust gases. First, a mixed oxide coating 
is provided to a monolithic carrier by treating the carrier 
with a coating slip in which an active alumina powder 
containing cerium oxide is dispersed together with a ceria 
powder and then baking the treated carrier. Next platinum, 
rhodium and/or palladium are deposited on the oxide coating 
by a thermal decomposition. Optionally, a zirconia powder 
may be added to the coating slip. 

US Patent No. 4,134,860 relates to the manufacture of 
catalyst structures. The catalyst composition can contain 
platinum group metals, base metals, rare earth metals and 
refractory, such as alumina support. The composition can be 
deposited on a relatively inert carrier such as a 
honeycomb . US Patent No . 4 , 923 , 842 discloses a 

catalytic composition for treating exhaust gases comprising 
a first support having dispersed thereon at least one 
oxygen storage component and at least one noble metal 
component, and having dispersed immediately thereon an 
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overlayer comprising lanthanum oxide and optionally a 
second support. The layer of catalyst is separate from the 
lanthanum oxide. The nobel metal can include platinum, 
palladium, rhodium, ruthenium and iridium. The oxygen 
storage component can include the oxide of a metal from the 
group consisting of iron, nickel, cobalt and the rare 
earths. Illustrative of these are cerium, lanthanum, 
neodymium, praseodymium, etc. 

US Patent No. 5,057,483 discloses a catalyst 
composition suitable for three-way conversion of internal 
combustion engine, e.g., automobile gasoline engine, 
exhaust gases includes a catalytic material disposed in two 
discrete coats on a carrier. The first coat includes a 
stabilized alumina support on which a first platinum 
catalytic component is dispersed and bulk ceria, and may 
also include bulk iron oxide, a metal oxide (such as bulk 
nickel oxide) which is effective for the suppression of 
hydrogen sulfide emissions, and one or both of baria and 
zirconia dispersed throughout the first coat as a thermal 
stabilizer. The second coat, which may comprise a top coat 
overlying the first coat, contains a co- formed (e.g., co- 
precipitated) rare earth oxide- zirconia support on which a 
first rhodium catalytic component is dispersed, and a 
second activated alumina support having a second platinum 
catalytic component dispersed thereon. The second coat may 
also include a second rhodium catalytic component, and 
optionally, a third platinum catalytic component, dispersed 
as an activated alumina support. 

It is a continuing goal to develop a three-way 
catalyst system which is inexpensive and stable. At the 
same time the system should have the ability to oxidize 
hydrocarbons and carbon monoxide while reducing nitrogen 
oxides to nitrogen. 
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SUMMARY OF THE INVENTION 
The present invention relates to a thermally stable, 
up to 900°C or more, layered catalyst composite of the type 
generally referred to as a three-way conversion catalyst or 
TWC catalyst: These TWC catalysts are polyf unctional in 
that they have the capability of substantially 
simultaneously catalyzing the oxidation of hydrocarbons and 
carbon monoxide and the reduction of nitrogen oxides. The 
relative layers of the catalyst composite and the specific 
composition of such layer provide a stable, economical 
system. This enables the maintenance of effective oxidation 
of hydrocarbons and carbon monoxide as well as enhanced 
conversion of nitrogen oxide compounds even where palladium 
is the only platinum metal group component in the 
composite . 

The structure of the layered catalyst composite of the 
present invention is designed wherein there is a first 
layer having a first layer composition and a second layer 
having a second layer composition. The first layer is also 
referred to as the bottom or inner layer and the second 
layer referred to as the top or outer layer. Exhaust 
gaseous emissions comprising hydrocarbons, carbon monoxide 
and nitrogen oxides first encounter the second or top 
layer. In the top layer, the platinum group metal acts to 
catalyze the reduction of nitrogen oxides to nitrogen and 
the oxidation of hydrocarbons. The top layer can comprise 
an oxygen storage component such as ceria. However, it is 
essential that the ceria is not in intimate contact with 
the platinum group metal in the top layer. This can be 
accomplished by making the top layer with a ceria- zirconia 
composite and not a solution of a soluble ceria salt. The 
composite oxygen storage composition is in bulk form. By 
bulk form it is meant that a composition is in a solid, 
preferably fine particulate form, more preferably having a 
particle size distribution such that at least about 95% by 
weight of the particles typically have a diameter of from 
0.1 to 5.0, and preferably from 0.5 to 3 micrometers. 
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Reference to the discussion of bulk particles is made to US 
Patent No. 5,057,483 both hereby incorporated by reference. 

Upon passing through the top or second layer, the 
exhaust gas then contacts the first or bottom layer. In 
this layer, the platinum group metal is in intimate contact 
with an oxygen storage component, such as ceria. This can 
be accomplished by introducing the cerium component into 
the bottom layer composition in the form of a solution of 
soluble cerium salt which impregnates the support and other 
particulate materials. The cerium salt is converted to 
cerium oxide (ceria) upon calcining. The ceria in intimate 
contact with the platinum group metal is believed to 
enhance oxidation and reduction reaction. By intimate 
contact it is meant that an effective amount of the 
components in such contact (e.g., the platinum group metal 
component and oxygen storage component in the bottom layer) 
are on the same support and/or are in direct contact. By 
non- intimate contact (or being physically separate) the 
component (e.g., ceria and platinum group component in the 
top layer) are not on the same support or are not comprised 
in the same particles. 

The present invention comprises a layered catalyst 
composite comprising a first layer and a second layer. The 
first layer comprises a first support. The first layer 
comprises a first palladium component and optionally, at 
least one first platinum group metal component other than 
palladium, an oxygen storage component in intimate contact 
with the platinum group metal component in the first layer. 
Preferably the first layer additionally comprises a first, 
zirconium component, at least one first alkaline earth 
metal component, and at least one first rare earth metal 
component selected from the group consisting of lanthanum 
metal components and neodymium metal components. The 
second layer comprises a second palladium component and 
optionally, at least one second platinum group metal 
component other than palladium. Preferably the second 
layer additionally comprises a second zirconium component, 
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at least one second alkakine earth metal component, and at 
least one second rare earth metal component selected from 
the group consisting of lanthanum metal components and 
neodymi urn metal components. Preferably, each layer contains 
a zirconium component, at least one of the alkaline earth 
metal components and the rare earth component. Most 
preferably, each layer includes both at least one alkaline 
earth metal component and at least one rare earth 
component. The first layer optionally further comprises a 
second oxygen storage composition which comprises a second 
oxygen storage component. The second oxygen storage 
component and/or the second oxygen storage composition are 
preferably in bulk form and also in intimate contact with 
the first platinum group metal component. 

In a specific and preferred embodiment of the present 
invention. The first platinum group metal consists 
essentially of a first palladium component which is 
substantially the only platinum group metal component in 
the first layer. In this preferred embodiment the second 
platinum group metal component consists essentially of a 
second palladium component wherein the second palladium 
component is substantially the only platinum group metal 
component in the second layer. 

Optionally, the first and/or the second layers 
comprise an oxygen storage composite in particulate form. 
The oxygen storage composite preferably comprises ceria and 
zirconia and optionally and yet more preferably a rare 
earth component selected from the group consisting of 
lanthanum and neodymi um components and mixtures thereof . 
A particularly preferred composite comprises ceria, 
neodymia, and zirconia. Preferably there is from 60 to 90 
weight percent zirconia, 10 to 30 weight percent ceria, and 
up to 10 weight percent neodymia. The ceria in the 
composite not only behaves as an oxygen storage component 
enhancing oxidation of carbon monoxide and the reduction of 
nitric oxides but also helps to stabilize the zirconia by 
preventing it from undergoing undesirable phase 
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transformation. As indicated above, the specific and 
preferred composition of the present invention is one 
wherein the first and second layers require respectively a 
first palladium component and a second palladium component. 
Optionally the first layer can further comprise at least 
one additional platinum group metal component which 
preferably selected from the group consisting of platinum, 
rhodium, ruthenium, and iridium components with preferred 
additional first layer platinum group metal components 
being selected from the group consisting of platinum and 
rhodium and mixtures thereof. 

Similarly the second layer can further comprise, in 
addition to a second palladium component, at least one 
second platinum group metal component, preferably selected 
from the group consisting of platinum, rhodium, ruthenium, 
and iridium components, with platinum and rhodium 
components being preferred. 

As indicated, according to the present invention the 
first layer comprises a first oxygen storage component 
which is in intimate contact with the first platinum group 
metal which comprises palladium and preferably consists 
substantially only of palladium. Additionally there can be 
a first bulk oxygen storage component such as bulk ceria, 
bulk praseodymia, and/or an oxygen storage composite such 
as a ceria zirconia particulate composite. 

The second layer comprises a second platinum group 
metal component which comprises palladium and most 
preferably consists essentially of palladium. In the 
second layer the oxygen storage component if present is not 
in intimate contact with the platinum group metal component 
and preferably includes a bulk second oxygen storage 
composite which can comprise a composite of ceria, 
zirconia, and optionally and preferably a rare earth metal 
oxide such as neodymia or lanthana. 

In a specific and preferred embodiment the first layer 
comprises a first support; at least one first platinum 
group metal component comprising a first palladium 
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consent dispersed on the first support, and an oxygen 
storage component, preferably ceria. in xntxmate contact 
with the platinum group metal component; at least one 
alkaline earth metal component, at least one zirconium 
component and at least one first rare earth metal covenant 
selected from the group consisting of lanthanum metal 
components and neodymium metal components . „.„„,„ 
The second layer comprises a second support whxch can 
be the same or different than the first support; at least 
oe cue =01 „„i disoersed on the second 

one second platinum group metal dxsperseo o 
support comprising a second palladium component; at^least 
one second alkaline earth metal components whxch can be the 
same or different than the first alkaline earth metal 
component; at least one second zirconium component; and at 
neast one second rare earth metal component selected from 
the group consisting of lanthanum metal components and 
neodymium metal components which can be different from that 
of the first rare earth metal component. 

Preferred first and second supports can be the same or 
different compounds selected from the group 
silica, alumina, and titania compounds. More preferably the 
£ irst and second supports are activated co-pounds selected 
from the group consisting of alumna, silica, sxlxca- 

•, •„„ .iiimta alumina- zirconia, alumxna- 
alumina, alumxno-sxlxcates, axunu. 

chromia. and alumina-ceria. First and second supports are 
most preferably activated alumina. 

Lkaline earth metals are believed to stabxlxze the 
first and second layer compositions, and rare earth metal 
components selected from lanthanum and neodymium components 
are believed to promote the catalytic activxty of the fxrst 
sad second layer compositions. Zirconium component xn both 
layers act as both washcoat stabilizer and promoter. 

The specific construction of layers having the fxrst 
ana second conditions has been found to --" In - 
effective three-way catalyst even when used wxtt P*"*^ 
as the sole platinum group metal xn each layer. The 
composite can be in the for™ of a self -supported artxcle 
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s^conoY PellSt " ith " rSt layer ° n the ^ Si ae and the 
second layer on the outside of the pellet. Alternatively 
and more preferably, the first J*™, • "veiy, 
carrier. al so referred to ITa IZLZJTZZLZ I 

T£Z l SUbStrate - ^ ~~- ^ ^ -pporttd OD 

the first layer applied to the substrate 

The at least one first and at least one second 
altalrne earth metal can be selected from the ™ 
consisting of magnesium, barium, calcium and strong 

aiti e rr e s :r cium *** barw met — ^- 

alkalxne earth metal component comprises barium oxide and 
the second alKaline earth metal consent comprise 
strontium oxide StaHi^^^ pjrises 

efficiency of the catalyst *** e -™» 4 « 

y cne catalyst composition of each laver 
maintained £or longer periQd Qf ^ « 

aX:r es - stabiiized stos «* - ai^a 

re S i t^ t t0 T 0n r S ^ n ° ble mStalS ™ — 

resxstant to degradation against high temperature exposure 
thereby maintaining better ovpr^n . exposure 

overall conversion efficiencies. 
The first layer composition and second l av ^ 

beiii v r t c a°: r e P :^t h TCtai co ~ s • m ^« 

act as promoters. The rare earth 
components are derived from a , 

consisting of lantnLum \ ^ * 9r ° u P 

sediment, the ^TTtal ^ 3 
substantially lanthana and the second ^JS?** ^ 

nitrogen oxides r*^^-*- ™ "« 

— rsr ^tr^rse^rr:: the f irst ^ 

useful ^ P nickel or iron components 

userui to remove sulfides snrh . . 

emi ss i nno M „ -"-"aes such as hydrogen sulfides 

emissions. Most preferably the Hroh i 

nickel or- -s™ fc layer comprises a 

mcxei or iron compound. 

When the compositions are applied as a hhiri 

a monolithic carrier substrate t he 9 ^ 

^scrate, the proportions of 
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ingre<1 ients «e -"-^^ - 

serial per cubic rnc , of «• * ge oeU 

^^u— « — - the - ei9ht o£ 

platinum group metal. 

A useful and preferred first lay 

from about 0.003 to about 0.6 g/m 

^/«t- -First rhodium component; 
pUtii-^/or ^ 2 o o£ a £irsc 

from about o.x^ ^ 

support; 3 f the total of 

from about 0.05 to about 2.0 g/in o 

„ ct-oraae components in tne 
the first oxygen storage co v 

layer; n 025 to about 0.5 

Ir o» 0 . 0 an, ^frJiine eartfc — 

g/in 3 of at least one first 

COT,P T»0.0 and preferaoiy aoont 0.025 to about 0.5 
g/i n> of a first *irconiu» co^nent; £ „ ^ 0 . s 

of at least one first -~ ceria MCal 

r^tnan^trcXonelts and neo„ 
metal component. 

^^^/n-r rhodium component ; 
one first platmum ~"~J" ^ 2 . 0 9 /i»> of a 
from about 0.15 g/m to ^ 

second support; 0 . 025 g/1 rf to about 

from 0.0 and preferably 

* i^ast one second rare earcn 

0.5 g/in 3 of at least o consisting of 

component selected from the group 
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lanthanum mf=»t-;*i 

components; «■«'««*. and neoc.yn.iu,, metal 

from 0.0 and preferably about 0 25 „/• » 
0.5 g/ in » of at x y Dout °- 25 S/m 3 to about 

component; and ^ alteXine ea ™ -Ul 

and/or a rare earth com P 0 nent 
retiree an ^1^^^ ^ ^ ^ 
-re earth meta! component °"' POnent » a/ « * 

Particulate form of a^ZZZZT* 

a SST.Srr - ^ " " — - 

layer on the inside and t^tcZM^ ^ 
the pellet. Alternatively "d ° " """^ ° f 

layer can be supported o T PrS£ *^Y. the first 

honeycomb carrier ann substrate, preferably a 

«-* -yer appILTn * ^racT *" 

- comprisin, the 

-oxide and/or l^r^lyZ^^ ^ 
layered catalyst composite as re^tove " 3 

Prepara^rr^- ^lyT^ • — of 
present invention. catalyst composite of the 

The Present invention 71 IT - TNrKNT -g 

catalyst composite of c ^ <° * — 

conversion catalyst or a TOc ™ " ™ 3 thr ee-way 

the present invention s'- T " t- *" "*~L>* ° f 
o-dation of hyuTca^ns ^ trC ? ""^ 
ruction of mt^en oxides in a Ts strZ "* ' 
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The layered catalyst composite comprises a first layer 
\ first layer composition and the second layer 
comprising a first layer co v rec ited above, 

outer layer composition which is designee to e«ec C1 vely 

.Tduce nitron oxides to nitrogen an. oxidize 

while causing some oxidation o £ carbon monoxide ^ The gas 

4-v,« -F-!-r<?t- laver to convert the rest or tue 
then passes to the first layer 

^ITspecif ic design of the top or second layer results 
in elective reduction of nitrogen oxides and oxidation of 
hydTcalns over wide temperature ranges. Xn th< . c omposi^ 
of the present invention, palladium, an -™ al £ ^ t ^ 
„„„, can be more effectively used by itself in sucn 
gr oup metal can ^ q£ ^ mterial is £urt her 

application. The perf ^ ^ which 

enhanced by the use o ^ rar£ earth ^tal 

believed tc . act a ^ Mbich is 

component selected from ^ zirconiu m component, 

believed to act as a promoter, and a zircon _ 

xn the first or bottom layer, a first oxygen storage 
component is desired to be in £ 
plat innm group metal. ^^-E^. "above 
reduction reactions are efficient at ^ 

about 500°C. Platinum group metal 

The first layer comprises a first platinum gro P 

c„t, which comprises 

fayfr - «~ «TS 

cXersion efficiencies, an oxygen storage exponent is 
"n intimate contact with the platinum group . metal 
Tre again, it is preferred to use an ^ 

S-Jr^ ^um 8 ^— metal 
metal selec ^ belie ved to act as a promoter, and a 

components which is beiievea 

zirconium component- palladium 
The catalyst of this invention c^ = ^- 
component present in each of the first and second layers. 



21 



WO 95/00235 

PCT/US94/07235 

in the catalyticallv-aefiv» 

~ su££icient y to cc ;; ov LT" n9 component in an 

significantly enhanced ca^w positions having 

Palladium component a "r f r^tmT^ *» "» 
palladium component is the T s-^ment the first 
exponent in the flrst ^ »™» «~ 

component is the onlv nl af SeC ° nd Podium 

~ laye , o P tt^r:^r;ro:Th: n r ? the 

piat^. ir r^r; 1 : lnciu<je ' 

alloys of such mecTls, e g 2 T °* 

e.g., platinum- rhodium. 
» a preferred embodiment the first la™,. „, 
a first palladium component and relatively L ! 
a first platinum group metal JZ. am ° UntS ° £ 

the second layer can cL^ ^ palladi ™ and/or 

and relatively miTor Z r " Palladi - =-P°nent 

-tal component otherTZ °* 3 ^ 
preferred "first £ seC ^T * ^ ^ C °" C ' "» 
selected from platinum rTl ^ «• are 

preferred first niatT™ ' *** " la *«» ">«reof . The 

Palladium ^^3^^^ 
Platinum group metal r™. Preferred second 

selected from "^T ° ther 
Really the first ryer^lTrn'ta 31 "" ""^^ 
weight of palladium as the Dla ° UP 10 ° PerCent b ' 

first platinum group met al c^L * 
is used, it is used cyp^ca 1 Tr t a m OCher Pm * U - 
Preferably from o.l to Z £ re ?JV° 
percent by weicr^ h== ^. preteraciy from 5 to 25 

palladium cC^^Tt^ TV"" 1 °* *** "™ 

other than pTlladinm ^ "rT^ COmP ° nentS 

Platinum group metal component ocherT" 3 SeC ° Dd 

^ used typically in amoLts up to 40 a^d c Tf " " 
0.1 to 40. more preferably from s J afl * *" 

based on the total weioht of Percent by weight 

al werght of the second palladium component 
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and che platinum group metal components other than 
palladium in the second layer. 

Thus, the present system comprising at ^ 
laye rs wherein palladium is believed to princi pally act as 

Active at temperatures ahove about SOO-C However, it » 
recognized that specific temperatures at whic th layers 
are reactive and percent conversion depend -* SPe "^ e 
exhaust gas environment including, for example, space 

VelOC Th y e" first layer composition and second ^yer 
position respectively comprise a first support and^a 

— 'JTE, Z. - a^h surface area 

^rry-oxTe support. Useful high surface area supports 
includ e one or more refractory ^^such as 
include, for example, silica an silica- 
alumina, including mixed oxide forms such « «* 1C 

aluminosilicates which may be amorphous or 
ermine, alumina- zirconia. alumina-chromia. alumina^ 
eerie Z the liXe. The support is substantially comprised 
n alumina which preferably includes the members £ the 
„ a «na or activated alumina family, such as gamma and eta 
gamma or acti nC _ a ^ amount of other 

aluminas, and rf pres ^ ^ 
-refractory oxide, e.g. , aouuu. ^ 

Desirably! the active alumina has a specific surface area 

° £ 60 Z f "sflayer and second layer compositions comprise 
, -!T catalytic components, stabilizers. reaction 
alumina, catalytic P rfIia3 and excludes the 

ST.t^T* the compositions are applied as 
carriei ui carrier substrate, the 

a thin coating to a monolithxc earner 
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proportions of inqredienr<= =,-r-~ 

9*™s or materia! peT ^ " t^TT""* " 
measure accomodates dirferTnt ,a s fl " this 

automotive exhaust gas catalytlc conv J*^' /J™ 

compose which includes a monolithic substrate sl^lll 
may comprise rrom about 0.50 to about 6 n T 3enera11 * 
- to ab . . g/in , or catal^r^iTitraLr 

paiiadL\ro; r t7o:ai:ra d P :L preparin9 che cac — a 

other than palladC such TTZZ7 ^ 

complex or th» suitable compound and/or 

utilized to ach^ve a d 1Um ~* be 

on activated aluTn! P6rS10n ° £ «■•<»»» * 

term ^ST" ? PP ° rC ^"^^ «• «— herein, the 

component- ranran a ll 1 0P : i0nal 

compound. cc^o/^Z meC * 1 
use or the catalvst „ P ° n calc iuation or 

catalyticairractTve " C °™ to a 

oxiae water so^ble ° r «" » atal 

compounds or cc£^ « — 

as the liquid used to il "* U " liZed as 

metal c™T " C ° ™P«gnate or deposit the catalytic 
metal compounds ontn ainm^, yLiC 

adversel/react SUPP ° r,: P ar "c^s does not 

complex or the o^ Catal ^"c metal or its compound or 

anT iT cap^e o7 l^"" °* «~ti- 
volatilize,^ 9 remOVed £r ° n ' Cha <=«alyst by 

a^irrr z^rrzr — heati ° 3 a ° a/L - 

removal or the ,ZT' CaSeS ' the c °™Pl*"on or 

is P i a ced r D urrrub^rr^rh ths ~ taiyst 

encountered durin g operation ^erll 

point of view nf . y n from the 
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examine rhodium — . -c. - 

step, or a, least ^ \ optically 

catalyst, such compounds are conver comp0 und 

active form of the platinum group metal 

thereof. „ ese nt invention can contain a 

The catalyst of the present 

first oxygen storage component COTponent . 

which is in intimate contact wlthth ^ Known in 

The oxygen storage cogent i s any sue ^ ^ ^ 
the art and preferably at least o 

:::: s^xs ~ ^rprr 

The oxvgen storage component can ne p 
(ceria). The ox ^ e at least 10 wt.% and more 

least 5 wt.% and preferably oompo sition. 
preferably at least IS «t. lay er. the 

in the composition of the *«* dispersing 
oxygen storage component can be ^include^ y ^ ^ 

^thods Known m ^ ition by i^regnating the 

oxygen storage comp g soXutiQ n. drying and 

support in the form o er 
calcining the results, 1 mature in 

which c--;;^ oomponent. Tvpioally. 

intimate contact with P ially su££ icient 

rrTmT^ - t- material being impregnated, 
liquid to f HI the p alS persible. decomposable 

B^ies of water soluble or d p ^ 

oxygen --^^ ^xT-T- and/or colloidal 
are not limited to -ate prasaodyniuI n acetate, 

dispersions of, etc . us Pate nt 

cerium nitrate, ^ J ^. . „ nf alumina-based 

No 4,189,404 discloses the impregnation of alumi 

support ^^ZZTvT^ is optionally a 

fi^bulToxygen ^ T= tr 3= 
storage component which is prere 
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praseodymia in bulk form r^-s^ • 

f„™ •„ ■ Ceria is most preferred. By bulk 

form it is meant that the ceria / 

present as discrete Mrr ,>7 I /0r P rase °°>™ia is 

U herons J TT^Z Z Lter T s "* " " 1 '° 

been dispersed in solution as In the ^ Zl t T ^ 
description and the use of such 1 ^ A 

presented in us Patent 4 7,4 J" I * components is 
reference. *s noted" T^T^T^ ^ 
incorpo.ated by reference. bul* form means' that pLtic £ 

that the cerra rs present in solid or bulk form as opposed 
solution oT^c 1 " Pre3naCin9 P«"cles "t* a 

converted to COInPOUnd UP °° "Nation is 

converted to ceru disposed within the alumina particles 

first 1 D ^ " SCed components of the 

i is OPT C °-" POSiCion — «» second layer composition 

» us, Patent Nos. 4,624,940 and 5 057 4fl* u \. 
treacles comprising greater than 50* of * . 

used at least oT„H ""of * * " Md — 

useful to stabilised ^ 
consisting of lanthana. neodymia and yttria ^ 

c^nr.r ^ir a — — 

stabili za tion. p r 7fe r ^ly a firTs^L ^ ^ 
l avp>r _„ , ^ y Elr st stabilizer in the first 

-Layer and second stabilizer -in t->,~ 

d- a K,- t • • ^inzer m the second layer The 

stabilizer is selected *=*-«™ *.». y * ine 

airline earth metal co^ounT °< 

compos derived f rj m^ls seie^ea l^Z^ 

iTtoT f M3neSiUI "' ' ^"TtrTium^t 

kno,m from US Patent No. 4,727 052 th*t- 

trials, such as activated alumna.' 0 :! T^Ty 
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stabilized to retard undesirable alumina phase 
transformations from gamma to alpha at elevated 
temperatures by the use of stabilizers or a combination of 
stabilizers. While a variety of stabilizers are disclosed, 
the first layer and second layer composition of the present 
invention use alkaline earth metal components. The alkaline 
earth metal components are preferably alkaline earth metal 
oxide, in a particularly preferred composition, it is 
desirable to use barium and strontium as the compound xn 
the first and/or the second layer composition. The alkaline 
earth metal can be applied in a soluble form which upon 
calcining becomes the oxide. It is preferred that the 
soluble barium be provided as barium nitrate, barium 
acetate or barium hydroxide and the soluble strontium 
provided as strontium nitrate or strontium acetate, all of 
which upon calcining become the oxides. 

One aspect of the present invention provides for 
applying one or more thermal stabilizers and/or catalytic 
promoter to a previously calcined coating of the activated 
alumina and catalytic components on a carrier substrate. In 
other aspects of the invention, one or more additive may be 
applied to the activated alumina either before or after the 
alumina particles are formed into an adherent, calcined 
coating on the carrier substrate. (As used herein, a 
"precursor", whether of a thermal stabilizer, or other 
modifier or other component, is a compound, complex or the 
like which, upon calcining or upon use of the catalyst, 
will decompose or otherwise be converted into, 
respectively, a thermal stabilizer, other modifier or other, 
component.) The presence of one or more of the metal oxide 
thermal stabilizers tends to retard the phase transition of 
high surface area aluminas such as gamma and eta aluminas 
to alpha-alumina, which is a low surface area alumina. The 
retardation of such phase transformation tends to prevent 
or reduce the occlusion of the catalytic metal component by 
the alumina with the consequent decrease of catalytic 
activity. 



27 



WO 95/00235 

PCT/US94/07235 

in each of the first layer and second layer 
conposxtxons, the amount of metal oxide thermal stabilizer 
combxned wxth the alumina may be from about 0.05 to 30 
wexght percent, preferably from about 0.1 to 25 weight 
percent, based on the total weight of the combined alumina, 
stabxlxzer and catalytic metal component. 

Additionally, both the first layer composition and the 
second layer composition contain a compound derived from 
zxrconxum, preferably zirconium oxide. The zirconium 
compound can be provided as a water soluble compound such 
as zxrconium acetate or as a relatively insoluble compound 
such as zirconium hydroxide. There should be an amount 
suffxcient to enhance the stabilization and promotion of 
the respective compositions. 

Both the first layer composition and the second layer 
composition contain at least one first promoter selected 
from the group consisting of lanthanum metal components and 
neodymxum metal components with the preferred components 

(neoL'TT^ ° X±de (lanthan *> - d neodymxum oxide 
(neodymxa) . m a particularly preferred composition, there 
xs lanthana and optionally a minor amount of neodymia in 
the bottom layer, and neodymia or optionally lanthana in 
the top coat . While these compounds are known to act as 
stabxixzers for the alumina support, their primary purpose 
« the composition of the present invention is to act as 
reaction promoters for the respective first and second 
layer compositions. A promoter is considered to be a 
material which enhances the conversion of a desired 
chemxcal to another, m a TWC the promoter enhances the 
catalytxc conversion of carbon monoxide and hydrocarbons 
xnto water and carbon dioxide and nitrogen oxides into 
nxtrogen and oxygen. 

lanM^ ™ d SSCOnd laySrS P^rably contain 

lanthanum and/or neodymxum in the form of their oxides 
However, these compounds are preferably initially provided 
xn a soluble form such as an acetate, halide, nitrate, 
sulfate or the like to impregnate the solid components for 
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conversion to oxides. It is preferred that in both the top 
coat and the bottom coat that the promoter be in xntxmate 
contact with the other components in the composxtxon 
including and particularly the platinum group metal. 

The first layer composition and/or the second layer 
composition of the present invention can contain other 
conventional additives such as sulfide suppressants, e.g., 
nickel or iron components. If nickel oxide xs used, an 

' " v. - i t-o bv weiqht of the first coat can 

amount from about 1 to 25c by wexgn 

be effective. As disclosed in US Patent No. 5,057,483 
hereby incorporated by reference. _ 

A particularly useful layered catalyst composite of 
the present invention comprises in the first layer from 
about 0.003 to 0.3 g/irf of the first palladium component; 
from about 0 to 0.065 g/in' of the first platinum group 
me tal component other than palladium; from about 0^5 to 
about 2.0 g./irf of the first support, x.e., alumxna. at 
least about 0.05 g/in> of the total first oxygen storage 
component in intimate contact with the palladium component; 
from about 0.025 to about 0.5 g/in 3 of at least one fxrst 
alkaline earth metal components; from about 0.025 to about 
0 5 g/xn 3 of the first zirconium component; from about 0.025 
to about 0.5 g/in 3 of at least one first rare earth metal 
component selected from the group consisting of l.ntl-nu» 
«tal components and neodymium metal c-po™ and 
comprises in the second layer from about 0.003 to 0.3 g/xn 
of the second palladium component and from about 0 to 0 065 
a/in' of a second rhodium component or a second platxnum 
component or mixture thereof, from about 0.15 g/in 3 to about 
2 0 g/in 3 of the second support, i.e.. alumxna; and from 
about 0.025 to about 0.5 g/in 3 of the second zirconium 
component. This first and/or second layers can further 
comprise from about 0.025 g/in 3 to about 0.5 g/xn of a 
nickel component. The first and/or second layers further 
can include the particulate composite of zirconxa -d c:erxa 
in amounts from 0.0 to 2.0 g/xn' comprising 60 to 90 wt.% 
zirconia, 10 to 30 wt.% ceria and from 0 to 10 wt% rare 
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thereof 0 ""^ °° mpriSi ^ neodymia and mi xtures 

thereof. Weight o£ the ^ 

The catalyst composite can be coated in layers on a 
monolithic substrate generally wh ich can comprise 21 
about o 50 to about 6.0. preferably about l.o J ^out sT 
S/rn> of catalytic composition based on grams of composition 
per volume of the monolith. 

mad. T e CatalySt COmp ° Site of the Present invention can be 
made by any suitable method. A preferred 

mixina a f n -T-=- • . prererred method comprises 

mixing a f irst mxxture of a solution of at least one water 
soluble or disDerqihic <=• water - 

r aispersible, first palladium component and * 

T surface area - ~ £r — °-*-htch 

rs sufficiently dry to absorb essentially all of the 

^"7; r flrSt Pla " nU,n 9MUP - Cal ^onent otL: 
di^eren rT' *" ^ °™ ^ SUPP ° rCed °" — « 
compolent. raCEOIy ° Xlde Par " CleS - «- ^"adium 

then T^T SUPPOrCed t«"adium and other components are 

r t a r t Tia^r? sirr^r"*- to *™ - 

r p o other .^JI^;^^ 

Slurry. Preferably, the slurry is acidic Th^ing a pH^f 
less than 7 and preferably f r0 m 3 to 7. tL £ °f 

r=: it^t*** the addition ° £ - 

acetic acid to the slurry, m particularly preferred 
embodiments the first coat slurry is commuted To result 

less than 10 micrometers in average diameter. The first 

cne tzrst layer are converted to a water 
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insoluble form chemically or by calcining. The first layer 
is preferably calcined, preferably at least 250 °C. 

A second mixture of a solution of at least one water- 
soluble second palladium component and a finely -divided, 
high surface area, refractory oxide which is sufficiently 
dried to absorb essentially all of the solution is mixed. 
The second platinum group metal component, when used, may 
be supported on the same or different refractory oxide 
particles as the palladium component. Preferably, rhodxum 
components are supported on different refractory oxide 
particles other than the palladium component. The supported 
second palladium component and other components are added 
to water and are preferably comminuted to form the second 
coat slurry. The supported second platinum group metal 
' component other than palladium may be comminuted with the 
palladium component or separately and then combined with 
the supported palladium component and other components to 
form the second coat slurry. Preferably, the second slurry 
is acidic, having a pH of less than 7 and preferably from 
3 to 7 . The pH is preferably lowered by the addition of an 
acid, preferably nitric acid to the slurry. In 
particularly preferred embodiments the second coat slurry 
is comminuted to result in substantially all of the solids 
having particle sizes of less than 10 micrometers in 
average diameter. The second slurry can be formed into a 
second layer on the first layer and dried. The second 
palladium group component and optionally the second 
platinum group metal component other than palladium in the 
resulting second coat mixture can be converted to insoluble, 
form chemically or by calcining. The second layer is 
preferably then calcined, preferably at at least 250°C. 

Alternatively, each layer of the present composite can 
also be prepared by the method disclosed in U.S. Patent No. 
4,134,860 (incorporated by reference). 

in order to deposit the first and second coat slurries 
on a macrosized carrier, one or more comminuted slurries 
are applied to the carrier in any desired manner. Thus the 
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carrier may be dipped one or more times in the slurry with 
intermediate drying if desired, untii the appropriate 
amount of slurry is on the carrier, The slurry employed in 
deposing the catalytically-promoting metal component -high 
area support composite on the carrier will often contain 
about 20 to 60 weight percent of finely-divided solids, 
preferably about 25 to 55 weight percent. 

11,(5 f irst l«y« composition of the present invention 
and second layer composition of the present invention can 
be prepared and applied to a suitable substrate, preferably 

Law Z CSramiC h ° a *y°°"*> B» confuted 

catalytically-promoting metal component -high surface area 
support composite can be deposited on the carrier in a 
desired amount, for example, the composite may comprise 
about 2 to 40 weight percent of the coated carrier, and is 
preferably about 5 to 30 weight percent for a typical 
ceramic honeycomb structure. The composite deposited on 
the carrier is generally formed as a coating over most, if 

coir ; ^ SUrfaCM ° f the Carrier =°nta=ted. The 
combined structure may be dried and calcined, preferably at 

a temperature of at least about 250'C. but not so high as 

to unduly destroy the high area of the refractory cxiae 

support, unless such is desired in a given situation. 

The carriers useful for the catalysts made by this 

invention ray be metallic in nature and be composed of one 

or more metals or metal alloys. The metallic carriers may 

^no^T" ShaPSE SUCh ^ COrrU 9aCed « in 

monolrthrc for™. Preferred metallic supports include the 

heat-resistant, base-metal alloys, especially those in 

allovs 13 8 SUbSCantial « -J« component. Such 

alloys may contain one or more of nickel, chromium, and 
aluminum, and the total of these metals M y advantageously 
comprise at least about 15 weight percent of the alloy, for 
instance, about 10 to 25 weight percent of chromium, ^bout 
3 to 8 weight percent of aluminum and up to about 20 weight 
percent of nickel, say at least ahra , r • wel 9 n t 

nick»i (( . ^ Ut 1 wel 9 ht percent of 

nickel, if any or more than a trace amount be present. The 
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preferred alloys may contain small or trace amounts of one 
or more other metals such as manganese, copper, vanadium, 
titanium and the like. The surfaces of the metal earners 
may be oxidized at quite elevated temperatures, e.g. at 
least about 1000'C, to improve the corrosion resistance of 
the alloy by forming an oxide layer on the surface of 
carrier which is greater in thickness and of higher surface 
area than that resulting from ambient temperature 
oxidation. The provision of the oxidized or extended 
surface on the alloy carrier by high temperature oxidation 
may enhance the adherence of the refractory oxide support 
and catalytically-promoting metal components to the 
carrier. 

Any suitable carrier may be employed, such as a 
monolithic carrier of the type having a plurality of fine, 
parallel gas flow passages extending therethrough from an 
inlet or an outlet face of the carrier, so that the 
passages are open to fluid flow therethrough. The passages, 
which are essentially straight from their fluid inlet to 
their fluid outlet, are defined by walls on which the 
catalytic material is coated as a "washcoat" so that the 
gases flowing through the passages contact the catalytic 
material. The flow passages of the monolithic carrier are 
thin-walled channels which can be of any suitable cross- 
sectional shape and size such as trapezoidal, rectangular, 
square, sinusoidal, hexagonal, oval, circular. Such 
structures may contain from about 60 to about 600 or more 
gas inlet openings ("cells") per square inch of cross 
section. The ceramic carrier may be made of any suitable, 
refractory material, for example, cordierite, cordierite- 
alpha alumina, silicon nitride, zircon mullite, spodumene, 
alumina-silica magnesia, zircon silicate, sillimanite, 
magnesium silicates, zircon, petalite, alpha alumina and 
aluminosilicates. The metallic honeycomb may be made of a 
refractory metal such as a stainless steel or other 
suitable iron based corrosion resistant alloys. 
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Such monolithic carriers may contain up to about 700 
or more flow channels (-cells") per square inch of cross 
section, although far fewer may be used. For example, the 
carrier may have from about 60 to 600, more usually from 
about 200 to 400, cells per square inch («cpsi»). 

The discrete form and second coats of catalytic 
material, conventionally referred to as "washcoats- , ' are 
coated onto a suitable carrier with, preferably, the first 
coat adhered to the carrier and the second coat overlying 
and adhering to the first coat. With this arrangement, the 
gas being contacted with the catalyst, e.g., being flowed 
through the passageways of the catalytic material - coated 
carrier, will first contact the second or top coat and pass 
therethrough in order to contact the underlying bottom or 
first coat. However, in an alternative configuration, the 
second coat need not overlie the first coat but may be 
provided on an upstream (as sensed in the direction of gas 
flow through the catalyst composition) portion of the 
carrier, with the first coat provided on a downstream 
portion of the carrier. Thus, to apply the washcoat in 
this configuration, an upstream longitudinal segment only 
of the carrier would be dipped into a slurry of the second 
coat catalytic material, and dried, and the undipped 
downstream longitudinal segment of the carrier would then 
be dipped into a slurry of the first coat catalytic 
material and dried. 

Alternatively, separate carriers may be used, one 
carrier on which the first coat is deposited and a second 
carrier on which the second coat is deposited, and then the 
two separate carriers may be positioned within a canister 
or other holding device and arranged so that the exhaust 
gas to be treated is flowed in series first through the 
catalyst containing the second coat and then through the 
catalyst containing the first coat thereon. However as 
indicated above, it is preferred to utilize a catalyst 
composition in which the second coat overlies and adheres 
to the first coat because such configuration is believed 
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both to simplify production of the catalyst composition and 
to enhance its efficacy. 

The following detailed description relates to a 
preferred embodiment in which the various components of the 
catalyst material according to the present invention are 
divided into two distinct coats. It will be understood, 
however, that the present invention includes embodiments in 
which the first layer composition and second layer 
composition may be incorporated into a single washcoat 
consisting of discrete particles of each composition. 

The First or Bottom Laver 

The first layer composition provides sufficient oxygen 
storage capacity to enhance the CO oxidation and nitrogen 
oxide reduction. The ceria in intimate contact with 
palladium catalytic component is believed to facilitate the 
redox properties of the ceria at elevated temperatures 
(e.g. above 500°C) . Thus, a fully oxidized ceria surface 
can easily react with CO component to form C0 2 and resulting 
a reduced ceria surface. The reduced ceria surface then 
re- oxidizes by the NO and/or oxygen component in the 
exhaust. The ceria -palladium combination provides 
significant better efficiencies in CO and NO conversions of 
the palladium containing catalyst at elevated temperatures. 
Palladium metal component, in an sufficient amount, is very 
effective for hydrocarbon conversion. The stabilizers and 
promoters are thought to stabilize and promote both the 
washcoat composition and palladium activity. 

The first activated alumina support in the first layer, 
may be present in an amount from about 0.15 g/in 3 to 2.0 
g/in 3 . It is desirable to have high concentration (e.g. 
greater than 4 wt%) palladium supported on the alumina. It 
is found that high concentration of palladium on alumina 
support appears to exhibit higher hydrocarbon conversion in 
the first layer composition. The amount of palladium 
present in the first layer is at least 10 g/ft 3 , preferably 
greater than 20 g/ft 3 . 
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The oxygen storage component may further include 
praseodymia since praseodymia similar to ceria is capable 
of exhibiting redox process at elevated temperatures. The 
amount of oxygen storage component such as ceria in the 
first layer may be at least about 0.05 g/in 3 , for example, 
from 0.2 to 1.5 g/in 3 of the finished catalyst composition. 
The alkaline earth metal oxide and zirconia stabilizer are 
preferably from about 0.025 g/in 3 to 0.5 g/in 3 respectively . 
The rare earth metal oxide promoters are preferably from 
0.025 g/in 3 to 0.50 g/in 3 respectively. 

It is advantageous to incorporate a bulk fine 
particulate material of co- formed rare earth oxide- 
zirconia composite, e.g. ceria- zirconia and/or ceria - 
neodymia- zirconia composition as an additional catalytic 
promoter as described in U.S. P. 5,057,483 . These particles 
do not react with the stabilized alumina washcoat and 
maintain a BET surface area of about 40 mVgram upon 
exposure to 900°C for a long period of time. Ceria in these 
thermally stable particles contributes additional stable 
oxygen storage redox capacity. The ceria content in the 
rare earth oxide -zirconia composite is preferably from 10 
wt% to 30 wt% of the total weight of the composite. 
Neodymia, if present in the composite is preferably from 0 
to 10 wt% of the total weight of the composite. It is 
understood that the rare earth oxide specified as ceria 
component may contain mixtures of other rare earth oxides 
in minor quantity. Thus, the ceria may contain up to 10 wt% 
other rare earth oxides in the composition. The rare earth 
oxide- zirconia particles, if present, are preferably from 
0.1 g/in 3 to 2.0 g/in 3 of the finished catalyst composition. 
It is desirable to include a HjS suppressor metal oxide in 
the first layer composition. For example, NiO in a 
particulate form may be present in an quantity from 0.025 
g/in 3 to 0.5 g/in 3 . The first layer may also contain other 
components useful as components of a washcoat, including a 
supplementary refractory metal oxide such as cordierite to 
enhance washcoat physical properties. 
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In the preparation of the first (bottom) layer, 
palladium supported on alumina is ball milled with 
additional components for a suitable time to obtain 90% of 
the particles having a particle size of less than about 20, 
preferably less than 10 and most preferably from 5 to 10 
microns. In addition to the palladium supported alumina, 
other components of the first layer composition can be 
added to the ball mill including the oxygen storage 
component, stabilizers and promoters. There can be included 
the particulate composite of zirconia and rare earth oxide. 
The ball milled composition is then combined with a nickel 
oxide compound as well as recycled milled honeycomb. This 
first layer composition can be combined as a slurry with a 
suitable vehicle, preferably water, in an amount from 20 to 
60% solid and preferably 25 to 55% solid. 

The Second or Top Layer — . 

The second layer composition comprises an alumina ^ 
supported palladium catalytic component free from intimate 
contact with the ceria component. It is believed that 
palladium- ceria combination which exhibits high activities 
at elevated temperatures (e.g. above 500 °C) shows lower 
activities especially in HC and N0 X conversions at lower 
temperatures (typically between 350°C and 450°C) . This 
effect has been demonstrated in Example II described in 
U.S. Pat .No. 4,624,940. It is believed that the 
palladium- ceria interaction impairs the low temperature HC 
and NO, activities of the palladium catalytic component. 
Thus, the first palladium catalytic component in the first 
layer performs well once the catalyst is heated and reaches 
an operating temperature of about 500°C. The second 
palladium catalytic component in the second layer provides 
sufficient catalytic activity during the initial heating 
and at an operating temperature below 500 °C. The palladium 
catalytic components of this invention clearly improve the 
palladium performances by widening the operating 
temperature window of the catalyst. 
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The second activated alumina support in the second 
layer may be present in an amount from about 0.15 g/in 3 to 
2.0 g/in 3 . It is preferred that the palladium supported on 
the alumina have a relatively high concentration (e.g. 
greater than 3 wt%) . The amount of palladium in the second 
layer is at least 10 g/ft 3 , preferably greater than 20 
g/ft 3 . The alkaline earth metal oxide, preferably strontium 
and zirconia components are preferably in an amount from 
about 0.025 g/in 3 to 0.50 g/in 3 respectively . The rare earth 
metal oxide promoters (neodymia and/or lanthana) are 
preferably in an amount from 0.025 g/in 3 to 0.50 g/in 3 
respectively. Optionally, the bulk fine particulate 
material of co- formed rare earth oxide -zirconia composite 
as described in the first layer composition may be added to 
the second layer composition. The ceria component in the 
composite particles does not readily interact with the 
palladium catalytic component. Thus, the undesirable 
palladium- ceria interaction in the second layer can be 
avoided . 

A second layer composition is formed by combining a 
palladium metal solution, dispersed on a refractory 
inorganic oxide support, preferably alumina. This 
combination with the second stabilizer which can include 
zirconia hydroxide and optionally a particulate composite 
comprising zirconia and rare earth oxides as described 
above, preferably zirconia in combination with ceria 
optionally containing neodymia and/or lanthana. This 
combination is combined with a suitable vehicle such as 
water to result in a composition comprising 45% solids 
which is ball milled to obtain particles of less than 25 
microns, preferably less than 15 microns and typically from 
5 to 10 microns. At this point stabilizing components such 
as strontium nitrate and promoting components including 
neodymium and/or lanthanum nitrate are added and the 
composition milled for up to 30 minutes. This results in a 
slurry having from 20 to 50% solids and a viscosity of from 
50 to 80 centipores. 
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A carrier such as those described above, i.e., a 
cordierite monolith, is first dipped into the first 
washcoat with a target layering of from about 0.5 to 3.0 
grams per cubic inch (»g/in») of carrier. The carrier is 
then dried in air at from about 100°C to 120°C until dry, 
and is then calcined in air at from about 400°C to 600»C for 
a period of from 0.25 to 2 hours. The carrier is then 
dipped into the second washcoat with a target coating 
weight (including bottom layer) of from about 1.0 to 5.0 
g/in 3 of the carrier, is then dried in air at from about 
100°C to 120°C and calcined in air at from about 400°C to 
600°C for about 0.25 to 2 hours. 

The catalytic compositions made by the present 
invention can be employed to promote chemical reactions, 
such as reductions, methanations and especially the 
oxidation of carbonaceous materials , e.g., carbon monoxide, 
hydrocarbons, oxygen- containing organic compounds, and the 
like, to products having a higher weight percentage of 
oxygen per molecule such as intermediate oxidation 
products, carbon dioxide and water, the latter two 
materials being relatively innocuous materials from an air 
pollution standpoint. Advantageously, the catalytic 
compositions can be used to provide removal from gaseous 
exhaust effluents of uncombusted or partially combusted 
carbonaceous fuel components such as carbon monoxide, 
hydrocarbons, and intermediate oxidation products composed 
primarily of carbon, hydrogen and oxygen, or nitrogen 
oxides. Although some oxidation or reduction reactions may 
occur at relatively low temperatures, they are often, 
conducted at elevated temperatures of , for instance, at 
least about 100°C, typically about 150° to 900-C, and 
generally with the feedstock in the vapor phase. The 
materials which are subject to oxidation generally contain 
carbon, and may, therefore, be termed carbonaceous, whether 
they are organic or inorganic in nature. The catalysts are 
thus useful in promoting the oxidation of hydrocarbons, 
oxygen- containing organic components, and carbon monoxide, 
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and the reduction of nitrogen oxides. These types of 
materials may be present in exhaust gases from the 
combustion of carbonaceous fuels, and the catalysts are 
useful in promoting the oxidation or reduction of materials 
in such effluents. The exhaust from internal combustion 
engines operating on hydrocarbon fuels, as well as other 
waste gases, can be oxidized by contact with the catalyst 
and molecular oxygen which may be present in the gas stream 
as part of the effluent, or may be added as air or other 
desired form having a greater or lesser oxygen 
concentration. The products from the oxidation contain a 
greater weight ratio of oxygen to carbon than in the feed 
material subjected to oxidation. Many such reaction 
systems are known in the art. 

A method aspect of the present invention provides a 
method for treating a gas containing noxious components 
comprising one or more of carbon monoxide, hydrocarbons and 
nitrogen oxides, by converting at least some of each of the 
noxious components initially present to innocuous 
substances such as water, carbon dioxide and nitrogen. The 
method comprises the step of contacting the gas under 
conversion conditions (e.g., a temperature of about 100 to 
950°C of the inlet gas to the catalyst composition) with a 
catalyst composition as described above. 

The present invention is illustrated further by the 
following examples which are not intended to limit the 
scope of this invention. 



a surface area of 150 square meters per gram (150 m 2 /g) was 
impregnated with an aqueous palladium nitrate solution 
containing 31.9 grams of palladium. All 31.9 grams of 
palladium were impregnated. The palladium containing 
alumina, a nitric acid stabilized colloidal dispersion of 
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ceria containing 300 grams Ce0 2 (Note: The average Ce0 2 
particle size is about 100 angstrom. This is not bulk 
ceria.), cerium nitrate crystals in an amount sufficient to 
form 500 grams Ce0 2 , lanthanum nitrate crystals in an amount 
sufficient to form 100 grams La 2 0 3 , barium acetate crystals 
in an amount sufficient to form 60 grams BaO, zirconium 
acetate solution in an amount sufficient to form 140 grams 
Zr0 2 and 500 grams of co- formed ceria- zirconia powder 
(surface area 50 rf/g containing 20 wt% Ce0 2 ) were 
ballmilled with acetic acid to form a slurry. The slurry 
was further mixed with 70 grams of pre-milled NiO partxcles 
in water to form a washcoat layering slurry containing 
about 48 percent by weight of solids. A monolith support of 
cordierite containing about 400 flow passages per square 
inch of cross section was dipped into the washcoat slurry. 
The excess was blown off the monolith by compressed air. 
The resultant catalyzed monolith after being calcined at 
450*C contained 55 g/ft» palladium, 0.7 g/in 3 alumina 0.8 
g/in 3 Ce0 2 , 0.1 g/in 3 l* 2 0 3 , 0.14 g/in 3 Zr0 2 , 0 . 06 g/in BaO, 
0 5 g/in 3 ceria- zirconia composite and 0.07 g/in 3 Ni0. 



B. The Second Layer 

A quantity of 700 grams of the same type alumxna 
powder as used in Part A was impregnated with palladium 
nitrate aqueous solution containing 31.9 grams of 
palladium. All 31.9 grams of palladium were impregnated. 
The palladium containing alumina, lanthanum nitrate 
crystals in an amount sufficient to form 100 grams La 2 0 3 , 
neodymium nitrate crystals in an amount sufficient to form 
100 grams Nd 2 0 3 , zirconium nitrate crystals in an amount 
sufficient to form 100 grams Zr0 2 and strontium nitrate 
crystals in an amount sufficient to form 100 grams SrO were 
ballmilled with water to form a washcoat layering slurry 
which contained about 30 percent by weight solids. The 
monolith layered with the first layer in Part A of thxs 
Example was dipped in the second layer slurry. After 
blowing off the excess and drying and calcining at 450 C, 
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TolZZlTstT, ^ ^ addi "° nal °* -shcoat 

containing 55 g,ft> palladium, 0.7 g/irf alumina, 0.1 9 /i„» 
LaO 0 1 g/in> Nd! 03. 0.1 g/in> ZrQj ana g/lrf Sr0 

final catalyzed monolith contained no g/ft' of palladium. 

Example 3 frv-r araflvo c^ i,) 

A layered palladium containing monolithic catalyst 
structure was prepared using similar ceria sources and 

™! ^ dSSCrlbed in E *-Pl* 1- m this comparative 
example, the palladium catalytic components in both 
coatings were supported on a La-Ba stabilized alumina 
(similar to the alumina material described in Example IV Tf 
US Patent No. 4. 62 4. 94 0, Md were in intimate £ 

450- colr^T" firSC layer 3fter ^^-tion at 

450 C contained 55 g/ft> palladium. 0.6 g/in' La-Ba 
stabilized alumina, 0.4 g/ in ' ceo lr 

, 3/ Ce0 " <£rom nitric acid 

stabilized colloidal ceria solution, . The second layer 
after calcination at 450-C contains 55 g,ft> palladium. 0.8 

nitrat , n Stablli ! ed alUmlna ' °" 4 3/ln> Ce0 > < f ™> «rium 

«/in a B o , ^ (fr0m lanthan ™ nit ~">' 0.05 

g/insao (from barium nitrate,. 0.05 g/in> ZrO, (from 

zirconium nitrate,. 0.05 g/in> „io (from pre-milled 

oxide, and 0.5 g/itf ceria- zirconie composite. In both cue 

z^zr^ iayer the - - — 

example 1 ifT pr- lv» ^ ,^,,1- , 

equivalent Cell/ini m ° n0lithiC CaCa1 ^ — Peered to have 
equivalent amounts of total ceria loading by essentially 
following the procedures described in ExLple IV of O S 
Patent „o. 4. 62 4. 9 40. The final catalyzed monolith 
contained xio g/ff palladium. 1. 2 g/in » ^ stabilized 

CeTrd blvlnfa^rsnlr 3 ^ ^ » ~ 

crJ*.„ . surface area of 120 nr/g) and 0.3 g/i n » 

crushed cordierite. 

Sables of the catalyst honeycomb structure were cored 
from the monolith as cylinders z.s inches in diaJL ^ 
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3 inches in length each removed from the corresponding 
monolithic unit, produced according to Example 1, 2 and 3^ 
Each was individually loaded in a laboratory reactor and 
aged at 950°C under a simulated aging cycle for 12 hours. 
The aging cycle employed a perturbation of i 0.5 air to 
fuel ratio (A/F) • 0.16 Hz • stoichiometric set point an 
A/F of about 14.6 using a simulated exhaust composition. 
After the aging, the catalyst was evaluated on the same 
reactor at 450°C (inlet temperature) , under ± 0.3 A/F • 0.5 
Hz perturbation and 25,000 VHSV space velocity at an A/F of 
about 14.6 using a simulated exhaust composition (Feed 
Gas) . The results of conversion efficiencies are presented 
in Table I. 
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Table I 




Conversion Efficiencies of 

aged palladium containing catalysts 


Catalyst 


% Conversion @ stoich. a/f set point 


HC CO NO^ 


Ex l 

Ex 2 (Comparative) 
Ex 3 (Comparative) 


S? 95 65 

91 84 50 



™ = 

perform as well as the catalyst composite of Example j. ac 
« operating temperature about 450-C. with the improvement 
rn the cerra component by incorporating base metal oxide 
stabllrzers and promoters, the catalyst of the Operative 
=***Ple 2 has srgnif icantly better performance in CO and 

Example 3. However, since all the palladium catalytic 
components in the catalyst of the composition of t„e 
Comparative Example 2 are in intimate contact with the 
cerra component the BC and NO, conversions are limited. By 
separating palladium component in discrete layering 

:^T7^ r ~r:i c T site of this in — 

onscrates xts superxor activities as 
demonstrated in catalyst Ex. 1 in Table I. 

Example a. 

A two layered catalyst was prepared for comparison by 
essentially following the procedures for producing ExamplI 
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A. The First Coat 

A quantity of 700 grams of gamma alumina powder having 
a surface area of 150 meters per gram was impregnated with 
a Pd nitrate solution containing 31.9 grams of Pd. The 
palladium containing alumina, nitric acid stabilized 
colloidal dispersion ceria solution containing 300 grams 
Ce02 and cerium nitrate crystals containing 500 grams Ce02, 
lanthanum nitrate crystals containing 100 grams La203, 
barium acetate crystals containing 60 grams BaO, zirconium 
acetate solution containing 140 grams Zr02 and 500 grams 
co- formed ceria -zirconia powder (surface area 50 m /g 
containing 20 wt% Ce02) were ballmilled with acetic acid to 
form a slurry. The slurry was further mixed with 70 grams 
pre-milled NiO particles in water to form a washcoat 
coating slurry. A monolith support of cordierite containing 
about 400 flow passages per square inch of cross section 
was dipped into the slurry to obtain proper washcoat 
loading. The resultant catalyzed monolith after calcined at 
450*C for one hour in air contains 55 g/ft3 Pd, 0.7 g/m3 
alumina, 0.8 g/in3 Ce02, 0.1 g/in3 La203, 0.14 g/in3 Zr02, 
0.06 g/in3 BaO, 0.5 g/in3 ceria -zirconia composite and 0.07 
g/in3 NiO. 

B. The Second Coat 

~~ A quantity of 700 grams of the alumina powder was 
impregnated with Pd nitrate solution containing 31.9 grams 
of palladium. The palladium containing alumina, lanthanum 
nitrate crystals containing 100 grams La203, neodymium 
nitrate crystals containing 100 grams Nd203, zirconium 
nitrate crystals containing 100 grams Zr02 and barium 
hydroxide crystals containing 100 grams BaO were ballmilled 
with water to form a washcoat coating slurry. The monolith 
coated with the first coat was dipped in the second coat 
slurry to obtain proper washcoat loading. After calcinxng 
at 450°C for one hour in air, the monolith picked up an 
additional 1.13 g/in3 of washcoat containing 55 g/ft3 Pd, 
0.7 g/in3 alumina, 0.1 g/in3 La203, 0.1 g/in3 Nd203 , 0.1 
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9/in3 Zr02 and 0.1 g/in3 BaO Tha 4= • •, 

contain 110 3 /f t3 of P ° " lnal CaCalyZSd m ° nolith 
designated as Catalyst C1 . *" ^ is 



Example £ 



V"° laySred C " alySt " aS according to the 

present invention. io a/ ft* d*- » 

97 " Pt su PPorted on an alumina was 
= rated into the second coat composition o f Z 

The second coat waq r^^-,~ , 
Allowing procedures. A ranti^r^"" 9 " 
alumina powder having a surface area o f HT 

after calcining atVo^C ZZJ^T^TlrTl 
this Pt/alumina powder was mixed with the . "T" 
ingredients of the Example 4 Tn a h»,, ^ 

^ si H L 

g/ft3 Pt o 97 =/ , coat containi °s " g/*ts Pd, 10 

~ .-."^"irr'.'a 1 £: 3 r: 3 - 01 9/in3 

catalysed monolith contains llu^ aT 10 ^f t^ 'pT 
Thrs catalyst sample is designated as Catalyst Ex 5 



Examp le g 



e«oodL c :: o7 t r;rent yst was prepared accordi - - «" 

«j£ cne present invention. 10 a/fVi Di- 
on an alumina wac -i™ 9 Pt su PP°^ted 

xunnna was incorporated into the firof 

composition of the Example 4. COat 

270 grams of a 2.15% Pt/alumina powder prepared in 
™! * WaS ^ the first coat ingredLnts of 

example 1 ln a hallmill to form a washcoat coating si urry 
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A 400 cells/in2 cordierite monolith was dipped into the 
slurry to obtain the desirable amounts of washcoat loading. 
After calcining at 450°C for one hour, the catalyzed 
monolith contains 55 g/ft3 Pd, 10 g/£t3 Pt. 0 97 g/in3 
alumina, 0.8 g/in3 Ce02, 0.1 g/in3 La203 , 0.14 g/m Zr07 
0 06 g/in3 BaO, 0.5 g/in3 ceria-zirconia composite and 0.07 
g /in3 NiO. A second coat of identical composition as the 
second coat of Example 4 was coated over the first coat 
After calcining at 450°C for one hour, the final catalyzed 
monolith contains 110 g/£t3 Pd and 10 g/ft3 Pt. This 
catalyst sample is identified as Catalyst Ex.6. 

K-gam ple 7 

A two layered catalyst was prepared according to the 
present invention. 2 g/ft3 Rh supported on an alumina was 
incorporated into the second coat composition of Example 

The first coat of this catalyst has identical 

composition as Example 4. 

270 grams of gamma alumina powder (surface area 150 
m2/g) was impregnated with a rhodium nitrate solution 
containing 1.16 grams Rh. The Rh containing alumina powder 
was mixed with the second coat ingredients of Example 4 in 
a ballmill to form a washcoat coating slurry. The monolith 
coated with the first coat was dipped into the second coat 
slurry to obtain the desirable amounts of washcoat loading. 
After calcining at 450-C for one hour, the monolith picked 
up an additional 1.4 g/in3 of washcoat containing 55 g/ft3 
Pd 2 g/ft3 Rh, 0.97 g/in3 alumina, 0.1 g/in3 La203. 0.1 
g/irf Nd203, 0.1 g/in' zr02 and 0.1 g/in 3 BaO. The final 
catalyzed monolith contains 110 g/ft3 Pd and 2 g/ft3 Rh. 
This catalyst sample is designated as Catalyst Ex.7. 

Example 8. . 

A two layered catalyst was prepared according to 
another embodiment of the present invention. 10 g/ft3 Pt 
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THj-'" r " ere inC °^~^ into the second coat 
composition of Example 4. 

com™!^ " rSt COat ° f ChiS C3talysC tas identical 
composition as Example 4. 

270 grams of 2.15% Pt/alumina powder prepared in 
Example 5 was further impregnated with a rhodium nitrate 

alulrnT * 1 ' 16 9ramS ^ PC/Rh staining 

ofTlfi! ^ WiCh SeCODd COaC -gradients 

of Example 4 in a ballmill to fom a washcoat coating 

into^ T 011 " 1 COat£d thS firSC coat — «PP^ 

loadi f, Urry " ° btaiD deSirabl * —ts of washcoat 
loading A£ter calcining at 45„o C for one hour, the 

ZTrlT, TV UP a ° aMiti °- 1 »"*»«: containing 55 
g/ft3 Pd. 10 g/ft3 Pt. 2 g/ft3 Rh, 0 . 9V g/in3 alumina, 0 1 
g/in> 1*203. 0.1 g/i„3 Nd 203 . 0.1 g /in . 2r02 and ' £ 

Bao The final catalyzed monolith contains no g/ft3 Pd 10 

a^y^r 3 °~ — - - — 

Examnlo o ( Cornnaral-j-.,-.,) 

Comparative catalyst, not in accordance with the 
present invention 

first*/ 1 ! 91 ? COat CaCalySC Prepared ^ fining the 

first coat slurry and the second coat slurry of Example 8 

cordflT. 3 " aShCOat 00atin9 SlUrry - A 400 =ells/in2 
t^ r .r n ° lith ~" dlPPed iDt ° «- s1 -^ to ohtain 

at \t 0 ZT ° f WaShC ° at 10adin9 - -fining 

at 450'C for one hour in air, the final catalysed monolith 
contains 110 g/ft3 Pd. 10 g/f t 3 Pt. 2 g/f t 3 Z. 1.S7 g/in3 

T™T,l 3°"z n 9/ln3 Ce ° 2 ' 3/in2 La203 " °- 1 

0.24 g/i«3 2 r02, 0.16 g/i n3 Bao. 0.5 g/irf co-formed ceria! 

zircoma composite and 0.07 g/i„ 3 „io. This catalyst sample 
is designated as Catalyst CI. 

Example m 

were ^uT and'' 5 ^ *" ^ Md 3 1 »— *» ^gth 
were cut and separated from each of the monolithic 
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„e,e respective* ^^^^.^ conca^ 
10% water at 25,000 vhi> f laboratory test 

reactor and evaluated using _ _ 5 A/F @ i Hz @ 

^T^Lr^r^lo.O-OOVHSV space veXocit, 
stoichiometric sec p t the evaluation 

Mno feed qas compositions at tne 
The average feed ga F ^ ^ ^ ppm 

conditions contain 0.72« 00. 0.2 ^ 

riH6 230 ppm C3H8, 10-s H^u, xo 
N0 , 230 ppm C3H6 n " f results of lig ht-off performances 
S02 and balance N2. The resu reS pectively 
and conversion efficiencies at 450 C 
presented in Table II and Table III. 
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Table II 



il!!l!f!_^^ catalyst 
Light-off activities (up to 460°C) 



Catalyst 
Ci 

EX.5 
EX.6 
EX.7 
EX.8 
C2 



T50 


HC (°C) 


CO ( 


°C) 

T50 


NO 


(°C) 


315 


369 


302 


329 


304 




311 


353 


305 


313 


309 




313 


345 


303 


323 


303 




311 


370 459 


306 


319 


298 


312 


295 


337 441 


287 


306 


278 


289 


316 


396 


302 


336 


399 






50 



WO 95/00235 



Conversion 



^^T/US94/07235 

Table III 

Efficiencies of Aged Monolithic Catalysts 



% Conversion at 450°C 



Catalyst 



HC 



CO 



NO 



CI 


85 


80 


67 


EX.5 


89 


84 


67 


EX.6 


89 


82 


70 


EX.7 


90 


81 


70 


EX.8 


91 


85 


78 


C2 


85 


82 


68 



51 



WO 95/00235 

fl^ PCT/US94/07235 

By reference to Table I and T a hi a TT - . 

«J.e a. and Table II, it is apparent 

that addition of Pt (e a v«- K . ^ „ 

(e.g. Ex.5 and Ex.6), Rh (i. e . E x. 7) 

and Pt/Rh (i.e., Ex . 8) tQ ^ pd ^ 

Example 4 (Catalyst CI) generally improve catalyst light- 
off performance and conversion efficiencies especially in 
the hydrocarbon and NOx conversions, zt is also readily 

noticed that homogeneous (sinoi^ 

a wut , i single coat) composition of 

Pt/Pd/Rh (Catalyst r?\ 

caxyst C2) does not show performance 

Movement over the layered Pd composition (Catalyst CI) 
even with additional amounts of platinum group metal 
components. The addition of Pt and/or Rh to a catalyst 

containing palladium in discrete 1*™™* 

uxscrete layered composite of the 

present invention composite nf i-h,-o • 

composite of this invention results in 

its superior activities. 
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What is claimed is: 

A layered catalyst composite comprising a 

first layer and a second layer: 

the first layer comprising: 
a first support; 

at least one first palladium component ; 
a first oxygen storage component in intimate 
contact with the palladium component; and 
the second layer comprising: 
a second support; 

at least one second palladium component; 

The layered catalyst composite as recited in 

■« ^ first and second supports are the same 
claim 1 wherein the first ana 

or dl££ erent and are cos*ounds selected rro the ^up 
consists of silica, alu^dna and titania expounds. 

3 The layered catalyst composite as recrted rn 

claim x wherein the first and second supports are the sa»e 
or di«erent and are activated co^ounds selected £ r« the 

c nica silica -alumina, 
0 Hna of alumina, silica, 53 - LJ - 
crroup consisting ° 

llo-silicates. alumna- sirconia. alnmina-chromra. and 
alumina- ceria. 

The layered catalyst composite as recited in 

• m» first and second supports are activated 
claim 3 wherein the first ana 

alum ina^ ^ COT ^ OE ite as recited in 

- ^.y.- fi rs t and second layers 
• „ -=>i- ipast one of tne i«sv. 
claim 1 wherein at lease 
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;r r , comprises a pia " num — «~* other 

than palladium. r 

— /^IT - catalyst c< ~ - — *- - 

wnerexn the platinum group metal 1. s i 

p mecal is selected from 

zi:r consiscins ° f — - — 

selects , OXy96n SC ° ra * s component is 

pleT • 9r ° UP CMSlStin9 ° f — - 

praseodymium compounds. 

• - The layered catalyst composite as recited in 

claim 7 wherein the tir^- 

ceria flrSt OXy3en ««»»9» component is 

3 . rae layered conposite ^ 

clarm l wherein at least one of the fir., 

lrst or second layers 
further comprises a nickel or iron component 

claim 9 10 h layered CaCalySt COTS>OSiCe - in 

cxaim 9 wherein th^ <h>-«#. t 

^ £Urther COmPriSeS * 

or iron component. 

claim *" layerSd CaCalySt COnPOSiCe - ^ 

clarm a wherein the t i rec layer further 

a first zirconium component; 

at least one first alkaline earth metal 
component; and 

at least one first rare earth metal 
consent selected from the g roup consisting of 
lanthanum metal components and neodymium metal 
components; and 
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herein the second layer further comprises: 
a second zirconium component. 
at least one second alkaline earth metal 

component; and 

at least one second rare earth metal 

component selected from the group consisting of 
Xanthanum —1 ^onents and neodymium metal 

components- _ . 

12 . The layered catalyst composite as recited xn 

first layer further comprises: 
claim l wherein the first lay 

optionally a first zirconium component; 
optionally at least one first alkaline earth 

metal component; and 

optionally at least one first rare earth 
.etal component selected fro* the group consisting 
o£ Xanthanum metal co^onents and neodymium metal 
consonants, wherein the first layer reguires at 
Xeast one first alkaline earth metal component and 
at least one first rare earth metal component; and 
a first zirconia component! and 
serein the second layer further comprises: 

optionally a second zirconium component, 
optionally at least one second alKaline 

earth metal component; and 

optionally at least one second rare earth 
» e taX component selected from the group consisting 

m ^ mnnne nts and neodymium metal 
of lanthanum metal components <n 

components . 
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Wherein at least Me Q£ ^ £irsc 

Valine earth „ etal components _ ^ ^ ^ 

metal components, and t-ho 

and the second zirconia 

components . 

cl . " * ^ Catal ^ St ^osite as recited in 

claxm 12 wherein at least on* * • 

enmn alkaline earth metal 

component are derived a ^ seiected 

consistin, of barium _ ^ scron J-p 

— » rrr* cataiyst composite as *■ 

wnerem at least one first ™- « 
earth n*...-! second alkaline 

27 COTPODent ^ deriVed f ™ * — -Xec Ced £ rom 

Sr ° UP C ° nSiS "»9 <* "rootlum and harium. 

clai* J 5 ', 1116 laySrea CatalySt - ^ited in 

claa, 14 wherein the second alkaline eaxth met*, 
is st-,-™- • earth metal component 

strontium oxide and the (=(,... 

component is herium ^ — 

-im "'^^T " ~~ 

herein a t least one of seia f irst rare ear th 

netal component and second rare earth met , • 

lanthanum. " derived £ ™» 

claim i 2 "'h • ^ CatalySC CM4> ° SlCe 33 * 

claim u herein at ieast one o £ said first or second rare 

earth metal component is derived £ rom neodvmium. 
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18. 



The layered catalyst composite as recited in 
claim l7 wherein the second rare earth metal component is 

derived from neodymium. 

19 . The layered catalyst composite as recited in 

claim 12 wherein there is: 

from about 0.003 to about 0.6 g/in 3 of at 

least one palladium component; 

from 0 to 0.065 g/in 3 of at least one first 
platinum group metal other than palladium; 

from about 0.15 to about 2.0 g. /in 3 of the 

first support; 

at least about 0.05 g/in' of the first oxygen 
storage component in intimate contact with the 

palladium component; 

from about 0.025 to about 0.5 g/in 3 of at 
least one first alkaline eartb metal components; 

from about 0.025 to about 0.5 g/in 3 of the 
first zirconium component; 

from about 0.025 to about 0.5 g/in 3 of at 
least one first rare earth metal component selected 
from the group consisting of lanthanum metal 
components and neodymium metal components; 

from about 0.003 to about 0.6 g/in 3 of at 
least one palladium component ; 

from 0 to 0.0065 g/in 3 of at least one second 
platinum group metal other than palladium; 

from about 0.15 g/in 3 to about 2.0 g/in 3 of 
the second support; 
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from about 0.025 g/in* to about 0.5 g/la > of 
at least one second alkaline ear th metal components; 

from about 0.025 g/in 3 to aboufc Q 5 ^ 
at least one second rare earth metal component 
selected from the groU p consisting of lanthanum 
metal components and neodymium metal components; and 
from about 0.025 to about 0.5 g/ in 3 of ^ 
second zirconium component. 

20. ^ e layered cafcalyst co ^ osite ^ recit ^ ^ 

claim 1 wherein at least one of the first a n„ 

cne £lrs t and second layers 
further comprises from about 0 025 a /*r* _ w 

c U-025 g/m 3 to about 0.5 g/i n 3 

of a nickel component. 

21- The layered catalyst composite as recited in 

claim 19 wherein at least one of the «~ „ 

= or nne first and second 
layer, £urcher oonprlses ^ ^ ^ ^ ^ ^ ^ ^ 

-/» or a particuXete composite o£ alrconia ^ ^ 

l;° nally ^ ~W — neod^a and 
mixtures thereof. 

22- The layered catalyst composite as recited in 

cXarm ax wherein the particuiate composite or sirconia and 
cerra comprises SO to so wt.* ziroonia . „ ^ 3Q ^ 
and from 0 to xo «, rare earth oxiaes ^ ^ 
neodynua and mixtures thereof. 

^yered cataiyst composite as recited in 
cx aam x whereia che composlte ig ia ^ £ora 

«- the first Xayer on the inside and the second Xayer on 
the outside of the pellet. 
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24 The layered catalyst composite as recited in 
cla im 1 wherein the first layer is snpported on a substrate 
^ the second layer is supported on the first layer 

opposite the substrate. 

25 The layered catalyst composite as recited xn 
cl axm 24 wherein the substrate comprises a honeycomb 

carrier. . 

26 . The layered catalyst composite as recxted xn 

^ «-f i-vi#> first and second layers 
claim 1 wherein at least one of the f xrst a 

* articulate composite of zirconia and 
further comprxse a parcxcux^u 

rare earth oxide. 

27 The layered catalyst composite as recited in 

clai m 26 wherein the rare earth oxide is ceria and 
optionally. further comprises lanthana. neodymia and 

mixtures thereof. 

28 The layered catalyst composite as recited in 

claim x wherein the the first layer comprises a bul* first 
oxygen stores composition and hein g in intimate contact 

with the palladium component. 

29 The layered catalyst composite as recited in 

claim 2 B wherein the bulK first oxygen storage composition 
cerises a bulx oxygen storage co^onent selected from the 
group consisting of bul* ceria and bulK praseodymium. 

30 The layered catelyst composition recited in 
claim 1 wherein the first oxygen storage condition is 
derived from a water-soluble compound. 

31 The layered catalyst composite as recited in 
cl ai» 1 wherein the first layer comprises at least one 



59 



WO 95/00235 

PCT/US94/07235 

9roup mecal co ~ — — 

-e £ rom che , roup consisting ^ piitinum 
ruthenium and iridium components. 

claim ,r ' h CaCal7St COTP ° Slte M reClCed *» 

" " «™P ^ component 

"selected ^ platinum, rhodlum ^ a 

platinum and rhodium components. 

herein che second layer comprises at least one 
second platinum ,roup metai component selected £ rom the 
Sroup consist^ o£ platinum, rhodium, ruthenium and 
indium components. 

wherein the second layer comprises at least one 
second platinum group metal „ 

group metal component selected from the 
group consisting of n]^^ 

irid . Platxnum, rhodium, ruthenium and 

iridium components. 

claim 34 35 'h • 1Syerea CatalySt SS i° 

-arm 3 4 „ herein ^ ^ ^ ^ 

r eelected £ rom platinum, rhodium and a mi«ure o t 
Platanum and rhodium components. 

claim ' h laySred CaCalySt " reci - a *» 

claim 34 wherein the fir^ i = 

first ol, f - comprises at least one 

£ -st platinum 9 roup metal consent, selected fr om the 
group consisting of nlatin,™ v . 

irid< Platinum, rhodium, ruthenium and 

indium components. 



37. 



A method of forming a layered catalyst 
composite comprising the steps of: 
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forming a first layer comprising: 
a first support; 
a first palladium component; 
optionally at Last on. first platinum group 
m etal component other than palladium 

an oxygen storage component in intonate 
contact with the platinum group metal component; 

optionally a first zirconium component; 
optionally at least one first airline earth 

metal components; and 

optionally at least one first rare earth 
met al component selected from the group consisting 
o£ xanthanum metal components and neodymrum meta 
components, whetein the first layer retires at 
xeast one first alfcaline earth metal component and 
at least one first rare earth metal component; 

coating the first layer with a second layer 

comprising: 

a second support; 
a second palladium component; 
optionally at least one second platinum 
gr oup metal component other than palladium; 

optionally a second zirconium component ; 

^ ^ least one second alkaline 
optionally at lease 

earth metal components; and 

optionally at least one second rare earth 
me tal component selected from the group consisting 
of xanthanum metal components and neodymium metal 
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components, wherein hv,. 

least S6COnd laySr at 

J-east one of 

SeC ° Dd alkaline earch -tal 

component and at 

1SaSt ° nS Second rare earth metal 

comnnnom- 



component , 
38. 



The method as recited in claim 37 furth 
comprising the step of 

least 9 " nlCkel com P°nent to at 

least one of said first and second layers. 

35- The method as recited in claim 37 furthe 
comprising the step of . rt „ • further 

ceria com* • * " Particulate *~conia and 

composite, optionally f urther compris . 

neodymia and mixtures thereof to at i ' 

iereot to at least one of c a ^ * • 
^d second layers. * flrSt 

4 °. A method comprising the steps of- 

carbo COntaCt±n9 3 C ° mPriSin9 — 

carbon monoxide and hydrocarbon with a l a 
cata3 vcl - layered 

12 COmP ° Site 3 ^ - a 

second layer, 

the fi rst layer comprising: 

a first support; 

a first palladium component; 

optionally at least one first Di*t-< 
met-si „ Platinum group 

metal component other than palladium; 

an oxygen storage component in intimate 
contact with the platinum group metal component- 
optionally a first 2irC onium component-' 
optionally at least one first alkaline earth 
metal components; and 
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optionally at least one first rare earth 
-Ul component selected fro, the group consisting 
o£ lanthanum metal components and neodymium metal 
consents, wherein the first layer requires at 
lea st one first alRaline earth metal component and 
at least one first rare earth metal component; and 
the second layer comprising: 
a second support; 
a first palladium component; 
optionally at least one second platinum 
gr oup metal component other than palladium; 

optionally a second zirconium component; 
optionally at least one second alKaline 
earth metal components; and 

optionally at least one second rare earth 
component selected from the group consisting of 
la nthanum metal components and neodymium metal 
components, wherein the second layer requires at 
le ast one of the second alKaline earth metal 

. »t least one second rare earth metal 

component and at least 

component . 

The method as recited in claim 40 wherem 
there is a nicKel co^onent to at least one of said first 

and second layers. 

The method as recited in claim 40 wherein 

there is a particulate sirconia and ceria eo^osite 
optioDally further arising lanthana. neodymia and 
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mixtures thereof en a n i 

ereof to at least one of said first an n 
layers. lrst and second 

«• The layered catalyst composite as recited i„ 

d«- a wherein chere ls ^ -xted » 

first g/ln each of the 

St ^ SSCOnd Palladium component. 

44 • The method as recited in claim „ u 

there is ^ i m 31 herein 

15 at least °-°03 g/in* each of the f irat . „ 
Palladium component. SeCOnd 

45 • The method as mri^ • 

there is „ , W ln claim wherein 

« at least 0.003 g/llr each o£ 

Palladium component. SeCOnd 

«~* layer and A ^ C °™* • 

■Layer and a second layer .- 

the fi rst layer comprising.- 

a first support; 

the f " leaSt Palla<JiU °' wherein 

«- ,xrst palladinm consent is substantia 

r ^ PlatinU " 3r ° UP — «-~ - the Lrst 
layer; su 

a first o.ygen storage 
-tact with the first pailadinm oomponent . 

optionally a first zirconium component- 
optionally at least one first alkaline earth 
metal component; and 

n~;.rr - - — — — 

™ «tal components and neodymium ^ 
components, wherein the first l ayer ^ ~ 
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ieast one first alkaline earth metal component and 
at least one first rare earth metal component; and 
the second layer comprising: 
a second support; 

at least one second palladium component . 
wherein the second palladium component is substantially the 
only platinum group metal component in the second layer; 

optionally a second zirconium component; 
optionally at least one second alkaline 
earth metal component; and 

optionally at least one second rare earth 
«t»l component selected from the group consisting 
o£ xanthanum metal components and neodymium metal 
components, wherein the second layer requires at 
le ast one o£ the second alkaline earth metal 
component and at least one second rare earth metal 
component . 

47 . The layered catalyst composite as recited in 

claim 40 wherein the first layer further comprises: 
a first zirconium component; 
at least one first alkaline earth metal 

component ; and 

at least one first rare earth metal 
component selected from the group consisting of 
lanthanum metal components and neodymium metal 
components ; and 
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wherein the second laver f„^v, 

J-ayer further comprises: 

a second zirconium component, 
at least one second alkaline ^ ^ 
component ; and 

at least one second ^ earth ^ 
component select from the group o£ 
ianthanu. metal components ^ ^^.^ ^ 
components . 

«. The layered compos . te ^ reciced 

ciaxm 46 wherein the first anrt 

or di«erent ana a — 
and are compounds selected iron, the group 

COnS1SUD3 ° £ Si "~" — »- and titania ^pounds 

clai„ " h • ^ C " alySt C °°*° Slte as *- in 

cxaim 48 wherein th^ -f-s^o^ 

second supp °" s are — 

or different and are srn,r^^ 

cor^ounas selected fro. the 
9 roup consisting o£ alumina , , 

aluroino- silicates -i™.- alumna, 

alu^ina-ceria. " 1 — '~ ™' — — «-U. and 



50. 



The layered catalyst conposite as recited in 
clam, 49 wherein the £i rs t an „ 

activated alumna. ^ STOS ™ 

clai. „ ^ MtalySC COmP ° SiCe - "Citl ^ 

" ^ " hereiD ^ «* ™ storage co^onent is 
selected from the ™ 

prase, • * of cerium and 
praseodymium compounds. 
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52 . The layered catalyst composite as recited in 
claim 51 wherein the first oxygen storage component is 
ceria. 

53 . The layered catalyst composite as recited in 
claim 46 wherein at least one of the first or second layers 
further comprises a nickel or iron component. 

54. The layered catalyst composite as recited in 

• -*,,=, *=-ir-c!t laver further comprises a nickel 
claim 53 wherein the first layer 

or iron component. 

55. The layered catalyst composite as recited in 
claim 46 wherein at least one first alkaline earth metal 
component and at least one second alkaline earth metal 
component are derived from a metal selected from the group 
consisting of magnesium, barium, calcium and strontium. 

56 . The layered catalyst composite as recited xn 
claim 55 wherein at least one first or second alkaline 
earth metal component is derived from a metal selected from 
Che group consisting of strontium and barium. 

57. The layered catalyst composite as recited in 
claim 56 wherein the first alkaline earth metal component 

is barium oxide. 

58. The layered oatalyst composite as recited in 
claim 56 wherein the second alkaline earth metal component 

is strontium oxide. 

59 . The layered catalyst composite as recited in 
claim 46 wherein at least one of said first rare earth 
«tal component and second rare earth metal is derived from 
lanthanum. 
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60. 



The layered catalyst composite as recited in 

claxm 59 wherein at least one of said ffi™* « 

or saia first or second rare 

earth metal component is derived from neodymium. 

61- The layered catalyst composite as recited in 

claim 60 wherein the second rare earth ,».=><- = i 

rare earth metal component is 

derived from neodymium. 



62. 



The layered catalyst composite as recited in 
claim 46 wherein the composite is in the form of a pellet 

the outside of the pellet. 



63. 



The layered catalyst composite as recited in 
claim 46 wherein the first layer is supported on a 
substrate and the second layer is supported on the first 
layer opposite the substrate. 



64. 



The layered catalyst composite as recited in 
claim 63 wherein the substrate comprises a honeycomb 
carrier. 



65. 



The layered catalyst composite as recited in 
claim 46 wherein the a first layer further comprises a bul k 
second oxygen storage composition. 

66- The layered catalyst composite as recited in 

claim 65 wherein the first bul k oxygen storage composition 
comprises a first oxygen storage component selected from 
^ 9r ° UP C °- ist ^ °* *** ceria and bul* praseodymium. 

67. The layered catalyst composite as recited in 

claim 46 wherein at least one of the fi rst Md second 
layers further comprise a particulate composite of 2 irconia 
and rare earth oxide. 



68 



WO 95/00235 

68 The layered catalyst composition recited in 

claim 46 wherein at least one of the first and second 
la yers further comprises a composite which comprises cerxa 
and zirconia and optionally at least one rare earth 
component selected from lanthanum and neodymium cedents. 

69 The layered catalyst composite as recited in 

claim 6B wherein the second layer comprises the particulate 
composite. 

The layered catalyst composite as recxted xn 



70. 



claim 46 wherein there is: 

at least 0.003 g/lrf of each of the first and 

second palladium components; 

from about 0.15 to about 2.0 g/in> of the 

first support; 

at least about 0.05 g/in> of the first oxygen 
storage component in intimate contact with the first 

palladium component; 

from about 0.025 to about 0.5 g/in> of at 
least one first alkaline earth metal components; 

from about 0.025 to about 0.5 g/in' of the 
first zirconium component; 

from about 0.025 to about 0.5 g/in> of at 
least one first rare earth metal component selected 
from the group consisting of lanthanum metal 
components and neodymium metal components; 

from about 0.15 g/in> to about 2.0 g/lrf of 
the second support; 
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from 0.0 to about 2 n cr/-ir,3 

uc ^-o g/an of a second bulk 

oxygen storage composition; 

from about 0.025 g/ in 3 to abQut Q5 ^ ^ 

at least one second alkaline earhh m ~<- i 

ine ea rth metal components; 

from about 0.025 g/in* to about 0.5 g/in* of 
at least one second rare earth metal component 
selected from the group consisting of lanthanum 
metal components and neodymium metal components; and 
from about 0.025 to about 0.5 g/ in > of the 
second zirconium component. 

71- The layered catalyst composite as recited in 

claim 70 wherein there is respectively from 0 to o. 065 g/in 3 

of each of the firsr =.«h „ 

first and second platinum group metal 

components other than palladium; 



72. The layered catalyst composite as recited in 

claim 70 wherein at least one of the first « „ 
layers further comprises from about 0.025 g/in 3 to ^ Q , 
g/m 3 of a nickel component. 

73 . The layered catalyst composite as recited in 

layers further comprises from about o.l g/in 3 to ^ , Q 
of a particulate composite of 2irconia and ceria ^ 

optionally further comprisina !=,„«-,, 

comprxsxng lanthana, neodymia and 

mixtures thereof. 

The layered catalyst composite M reciced ^ 

caai^ 73 Mhereln the vmiaaatm conposits o£ zirconia ^ 

ceria cerises 60 to g(j ^ ^ ^ ^ ^ 
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lanthana. neodymia and mixtures thereof. 

75 a method comprising the steps of: 

combining at least one water soluble or 
dispersible first palladium component and finely 
divided, high surface area refractory oxide with an 
aqueous liquid to form a first solution or 
dispersion which is sufficiently dry to absorb 
essentially all of the liquid; 

mixing the first solution or dispersion with 
other first layer components comprising a soluble 
first oxygen storage component to intimately contact 
the first palladium component; 

optionally, mixing the first solution or 
dispersion with a first water soluble or dispersible 
platinum group metal component other than a 
palladium component, a first zirconium component, at 
least one first alkaline earth metal component, and 
at least one first rare earth metal component 
selected from the group consisting of lanthanum 
metal components and neodymium metal components; 

- forming a first layer of the first solution 
or dispersion on a substrate; 

converting the first palladium components in 
the resulting first layer to a water insoluble form; 

combining at least one water soluble or 
dispersible second palladium component and finely 
divided, high surface area refractory oxide with an 
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aqueous l iqui d co form a second solution or 

diSPerSi ° n " hiCh is «"i=±-tly dry to absorb 
essentially all of the liquid; 

optionally, mixing che secona solution ^ 
dispersion „ ith . seCQnd ^ ^ 

dispersible platinum group metal component other 
than a palladium component, a second zirconium 
component, at least one second alfcaline earth metal 

component selected from the group consisting of 
lanthanum metal components and neodymium metal 
components; 

forming a second layer of the second 
solution or dispersion on the first layer.- and 

converting the second palladium components 
- the resulting second layer to a water insoluble 
form. 

76. The method o, claim 75 further comprising 

the steps of forming the first layer on a h 
substrate. * hon ^comb 

The method of claims 75 wherein the step of 
converting the first 

St Palladium platinum group metal 

components comprises calcining the first layer. 

The method of claim 75 wherein the step of 

converting second palladium and platinum a 

PJ-atxnum group metal 

components comprises calcini™ t-K 

a calcining the supported second layer 
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* * Maim 75 further comprising 
79 . The method of claxm 

tb. steps of: wat er-insoluble, first 

comminuting tne 

Dall adium component in a first coat siurry, 

• a first layer o£ the first slurry, 
forming a first x<xy 

and 

drying the first slurry; and 

W ater-insoluble, second 
comminuting the water 

■ _ _ second coat slurry; 
palladium components xn a secon 

laver of the second slurry on 
forming a second layer or t 

the first layer, and 

drying the second slurry. 

* -, 4m ao wherein said comminutxng 
80 The method of claxm 80 where 

.- i-he solids have partxcle 
provides a slurry in which most of the 

siz es of less than about 10 microns. 

The method of claim 80 wherexn at least 

fld slurry contains acetic acid or nitrxc 
said first and second slurry co 

_ os ite is ^ hQdof claim83inW hichsaidresulting 
composl" is calcined at a temperature of at least about 

25 °° C ' v, a *s recited in claim 75 wherein the 

84 The method as recxteu 

section and a downstream section: 

the downstream section comprrsxng. 



acid. 

82. 
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an downstream substrate,- 
a f irst layer Qn ^ downstream 
layer comprising: scrate, the 

at least one first palladium component- 
a first oxygen storage component in intimate 
-tact with the palladium 
optionally, a first 

optionally, at least Qne first alkaline ' 
metal component; and * 

component selected from the rth metal 

lanthanum metal comD ^ '^i* 9 ° f 

^° nSntS and neodymium me tal 

components; and 

the upstream section comprising: 

an upstream substrate; 

a second laver on 

ayer on the upstream substrate 

the upstream layer comprising: 

at least one second palladium component- 
optionally, a second 

optionally at least one second alkaline earth 
metal component; and 

optionally, at least Qne secQnd 

metal component selected from the a 

lanthanum metal ? C ° nSistin * of 

metal components and neodvrrH, 
components. »eodymxum metal 
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The catalytic article as recited in claim 85 
herein the upstream section and downstream section are the 
stream section and downstream sections o £ sin 3 le substrate^ 
The catalytic article as recited in claxm 66 
wherein the single snbstrate is a honeycomb substrate. 

The catalytic article as recited in clarm 85 
• herein the upstream section comprises an upstream substrate 
and the downstream section comprises a downstream substrate 
separate from the upstream substrate. 

89 The catalytic article as recited in clarm 88 

wherein the upstream substrate and downstream substrate ara 
honeycomb subs t rates . 



75 



INTERNATIONAL SEARCH REPOI 



B01053/36 B01J37/02 B01J23/56 



Intemaoo, Application No 

PCT/US 94/07235 



Documentation 



"arched outer than mn.mum documentation to the" 



eaem cat such documents « lncludcd jn | „ e fidds 



searched 



Electronic data base consulted during tiT 



imemaoonal search (name ol dau base and. whcrT 



practical, search terms used) 



j DOCUMENTS <Tf> MSIDERED TO BP pp , 



Category* 

I A 



«— or document, wtth ind^on. where apptopHate. of the rdevant P a CTg cs 

EP.A.O 428 752 (N.E. CHEMCAT CORP.) 29 May 
see claims 1-28 

EP.A.0 427 494 (ENGELHARD CORP.) 15 May 
see claims 1-18 

EP.A.0 313 434 (PRO-CA^LYSE) 26 April 
see claims 1-18 

fteiSiFiSg (SVENSI <"^ISSIONSTEKNIK AB) 
see claims I-13 



I) ^"hcr document, arc usted in fc contllBI-ioi| of ^ c 
* Special categories of cited documents : 

^^r^ ttatpuMi ^»»«^«nci nteT1 a ti ona, 

•o- ^"r^^^^^" ^ 

oSeTmcLt 0 ™ 8 to an oral dtsdosurc. use. erfubrton or 



Relevant to claim No. 

1-89 
1-89 
1-89 
1-89 



Tuate of the actual cotupleuon * the international search 

20 October 1994 

Name and mailing address of the ISA 

fzsssnsssi PB - 58,8 ra - u -> > 

Form pct/isa/2, ° «h«o (juiy l9 »r 



lX I latent family members are listed 



•v d^rr^^^^^^one 

conrered^^rL^ ^ 
document is £mb^wXmc S? ?*■ * e 

menu, such combination/hli? Z ° <her such <tocu- 
in the an. "° n be,n 8 obv,ous to a person stalled 

&■ document member of the same pat ent family 

Uate of mailing of the international scan* report 



0 3. n 94 

Authorized officer 



Eijkenboom, A 



page 1 of 2 



INTERNAT^t SEARCH REPORT 



Per -t gj^ggggpgggE^ 

OUtion of document, wiln 



Intcmatioi 

PCT/US 



WO,A,90 03843 (ALLIED-SIGNAL INC.) 19 
April 1990 
see claims 1-10 

W0,A,93 09146 (ENGELHARD CORP.) 13 May 
1993 

see claims 1-24 

EP.A.O 171 151 (ENGELHARD CORP.) 12 
February 1986 
see claims 1-82 

EP.A.O 393 612 (ENGELHARD COPR.) 24 
October 1990 
see claims 1-23 

EP.A.O 441 173 (DEGUSSA AG) 14 August 1991 
see claims 1-3 

EP,A,0 507 590 (NIPPON SHOKUBAI CO. LTD.) 
7 October 1992 
see claims 1-13 




Form PCT/lSA/210 (conUnuatinn of ***** C*»* l992 > 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



Inlormabon 



on patent family members 



Patent document 
cited in search report 

EP-A-0428752 



Publication 
dale 

29-05-91 



Intematic Application No 

PCT/US 94/07235 



Patent family 
member(s) 



DE-D- 
AT-T- 
EP-A- 
W0-A- 
W0-A- 
US-A- 
US-A- 



Publication 
date 



EP-A-0427494 
EP-A-03 13434 



69012059 
110586 
0428753 
9014887 
9014888 
5200384 
5147842 



06-10-94 
15-09-94 
29-05-91 
13-12-90 
13-12-90 
06-04-93 
15-09-92 



15-05-91 



26-04-89 



EP-A-0335847 



WO-A-9003843 



04-10-89 



19-04-90 



WO-A-9309146 



US-A- 
CA-A- 
JP-A- 

FR-A- 
AU-A- 
DE-A- 
JP-A- 
KR-B- 
US-A- 

SE-B- 
JP-A- 
SE-A- 
US-A- 

US-A- 

EP-A.B 

JP-T- 



5010051 
2027329 
3169346 

2622126 
2403888 
3872655 
1199646 
9401799 
4931419 

462143 
1270946 
8800802 
4975406 

4923842 
0438492 
4501084 



23-04-91 
09-05-91 
23-07-91 

28-04-89 
27-04-89 

13- 08-92 
11-08-89 
09-03-94 
05-06-90 

14- 05-90 

30- 10-89 
08-09-89 
04-12-90 

08-05-90 

31- 07-91 
27-02-92 



13-05-93 



EP-A-0171151 



US-A- 5212142 18-05-93 



12-02-86 



AU-B- 

AU-A- 

AU-B- 

AU-A- 

CA-A- 

EP-A- 

JP-B- 

JP-A- 

US-A- 

CA-A- 



618391 
3950389 
589564 
4364285 
1242687 
0304095 
6007923 
61011147 
4675308 
1247074 



19-12-91 
07-12-89 
19-10-89 

19- 12-85 
04-10-88 

22- 02-89 
02-02-94 
18-01-86 

23- 06-87 

20- 12-88 



Fonn FCT/ISA/310 (patent family 



«n»e*H.»ulyl»M) 



page 1 of 2 



INTERNA 

In* 



AL SEARCH REPORT 

patent family members 



Patent document 
cited in search report 

EP-A-0171151 



Publication 
date 



Patent family 
member(s) 



Intematic ^^rftcation No 

PCT/U^y07235 

I Publication 
I date 



US-A- 4738947 19-04-88 
CA-A- 1242686 04-10-88 
US-A- 4678770 07-07-87 



EP-A-0393612 



24-10-90 



AU-B- 
AU-A- 
CA-A- 
JP-A- 
US-A- 



640368 
5110990 
2011484 
2293048 
5128306 



26-08-93 
25-10-90 
19-10-90 
04-12-90 
07-07-92 



EP-A-0441173 



14-08-91 



DE-A- 
CN-A- 
DE-D- 
ES-T- 
JP-A- 
US-A- 



4003939 
1053899 
59100351 
2025043 
5115779 
5179059 



14-08-91 
21-08-91 
14-10-93 
01-01-94 
14-05-93 
12-01-93 



EP-A-0507590 



07-10-92 



JP-A- 
JP-A- 
JP-A- 
US-A- 
JP-A- 
JP-A- 
JP-A- 
JP-A- 
JP-A- 



5023593 

5049940 

5277373 

5260249 

5168927 

5200287 

5200286 

5200288 

5200294 



02-02-93 
02-03-93 
26-10-93 

09- 11-93 
02-07-93 

10- 08-93 
10-08-93 
10-08-93 
10-08-93 



page 2 of 2 



THIS PAGE BLANK (uspio* 



•f 

WORLD 




ir> r^rr* worTd intellectual property organization 

\?\^ I WVR ^ International Bureau 

n BRNATIONAL APPLI CATION PUBLISHED UNDER THE PATENT COOPERATIONJg EATYCPCD 



(51) International Patent Classification 5 : 
B01D 53/36, BOU 37/02, 23/56 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 95/00235 

5 January 1995 (05.01.95) 



(21) International Application Number: PCT/US94/07235 

(22) International Filing Date: 24 June 1994 (24.06.94) 



(30) Priority Data: 

08/083,143 
Not furnished 



25 June 1993 (25.06.93) US 
24 June 1994 (24.06.94) US 



(71) Applicant: ENGELHARD CORPORATION [US/US]; 101 

Wood Avenue, Iselin, NJ 08830 (US). 

(72) Inventors: HU, Zhicheng; 40-B Pleasantview Drive, Rscat- 

away, NJ 08854 (US). WAN, Chung-Zong; 10 Uyne Road, 
Somerset, NJ 08873 (US). LUL Yiu-Kwan; 3 Paprota Court, 
Parlin, NJ 08859 (US). DETTUNG, Joseph, C; 8 Spicy 
Pond Road, Howell, NJ 07731 (US). 

(74) Agents: MILLER, Stepphen, I. et aL; Engelhard Corporation, 
101 Wood Avenue, Iselin, NJ 08830 (US). 



(81) Designated States: CA, JP, KR, European paten t ( AT, B E, CH, 
1 } DeT DK, ES, FR, GB, GR, IE, n\ LU, MC, NL, FT, SE). 



Published 

With international search report. 
With amended claims. 

Date of publication of the ^ndeddaims:^ ^ 



(54) Title: LAYERED CATALYST COMPOSITE 
(57) Abstract 

Tne present invention rentes to a layered e^^**^ g^^^^^^TS^ 
having the capability of substantially simultaneously catalyzing t *^ f °»^^£^ n ^ designed wherein there is a first layer and a 
nitrogen oxSTlbe structure of the ^^^^t^SS^S^ and S oxygen storage component in intimate 
second layer. The first layer comprises a first * l ^cd component a zirconium component; at least one first 

contact with the palladium component; optionally an other_ ^3^",^^, the group consisting of lanthanum metal 
alkaline earth metal components and at least one first rSmSSSS ^support; at least one second palladium component; 
components and neodymium metal components The s*ond ^"5- component; at least one second rare 

component 



FOR THE PURPOSES OF INFORMATION ONLY 
Wlte^uSuJrcf ? StatCS Par,y 10 ' he PCT on ,he fron « P-n of pan.ph.ets pub.ishing international 



AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Braxii 


BY 


Belarus 


CA 


Canada 


CP 


Central African Republic 


CC 


Congo 


CH 


Switzerland 


CI 


Cote d'l voire 


CM 


Cameroon 


CN 


China 


cs 


Czechoslovakia 


C2 


Czech Republic 


DE 


Germany 


DK 


Denmark 


ES 


Spain 


Fl 


Finland 


FR 


France 


CA 


Gabon 



CB United Kingdom 

CE Georgia 

CN Guinea 

CR Greece 

HU Hungary 

IE Ireland 

IT Italy 

JP Japan 

KE Kenya 

KG Kyrgystan 

KP Democratic People's Republic 

of Korea 

KR Republic of Korea 

KZ Kazakhstan 

U Liechtenstein 

LK Sri Lanka 

LU Luxembourg 

LV Latvia 

MC Monaco 

MD Republic of Moldova 

MC Madagascar 

ML Mali 

MN Mongolia 



MR 


Mauritania 


MW 


Malawi 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 
RO 


Portugal 


Romania 


RU 


Russian Federation 


SO 


Sudan 


SE 


Sweden 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


TD 


Chad 


TC 


Togo 


TJ 


Tajikistan 


TT 
UA 


Trinidad and Tobago 


Ukraine 


US 


United States of America 


uz 


Uzbekistan 


VN 


Viet Nam 



WO 95/00235 • 0TT/US94/O7235 

AMENDED CLAIMS 
[received by the International Bureau on 12 December 1994 (12.12^94); 
o5 1 claiL 44 and 45 amended; remaining claims unchanged (1 page)] 

mixtures thereof to at least one of said first and second 
layers. 

43. The layered catalyst composite as recited in 
claim l wherein there is at least 0.003 g/in 3 each of the 
first and second palladium component. 

44 . The layered catalyst composite as recited in 
claim 31 wherein there is at least 0.003 g/in 3 each of the 
first and second palladium component. 

45. The layered catalyst composite as recited in 
claim 34 wherein there is at least 0.003 g/in 3 each of the 
first and second . palladium component. 

46. A layered catalyst composite comprising a 
first layer and a second layer: 

the first layer comprising: 
a first support; 

at least one palladium component, wherein 
the first palladium component is substantially the 
only platinum group metal component in the first 
layer ; 

a first oxygen storage component in intimate 
contact with the first palladium component; 

optionally a first zirconium component; 
optionally at least one first alkaline earth 

metal component; and 

optionally at least one first rare earth 
metal component selected from the group consisting 
of lanthanum metal components and neodymium metal 
components, wherein the first layer requires at 

76 AMENDED SHEET (ARTICLE 19) 
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